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Nonlinear and linear-bifurcation buckling equations for elastic, geometrically perfect, right-
circular cylindrical shells subjected to combined loads is presented. The loads include 
compression, shear, and uniform external and hydrostatic pressure. The analysis includes 
constitutive equations that are applicable to stiffened or unstiffened cylinders made from isotropic 
or laminated-composite materials. Complete sets of equations are presented for the nonlinear 
boundary-value problem of shell buckling and the corresponding prebuckling and linear-
bifurcation buckling problems that are based on Sanders’ shell theory for "small" strains and 
"moderately small" rotations. 
Based on these equations, a three-parameter approximate Rayleigh-Ritz solution and a 
classical solution to the buckling problem are presented for cylinders with simply supported 
edges. Extensive comparisons of results obtained from these solutions with published results are 
also presented for a wide range of cylinder constructions. These comparisons include laminated-
composite cylinders with a wide variety of shell-wall orthotropies and anisotropies. Numerous 
results are also given that show the discepancies between the results obtained by using Donnell’s 
equations and variants of Sanders’ equations. For some cases, nondimensional parameters are 
identified and "master" curves are presented that facilitate the concise representation of results. 
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SDUDPHWHUWKDWTXDQWLILHVKRZPXFKDEXFNOHSDWWHUQLVVNHZHG
)LUVWUHVXOWVDQGFRPSDULVRQVDUHSUHVHQWHGIRUXQVWLIIHQHGPRQRFRTXHLVRWURSLFF\OLQGHUV
7KHQVLPLODUFRPSDULVRQVDUHSUHVHQWHGIRUF\OLQGHUVVWLIIHQHGE\XQLIRUPDUUD\VRIULQJV
VWULQJHUVRUULQJVDQGVWULQJHUV)RUHDFKRIWKHVHVWLIIHQHGVKHOOVKRPRJHQL]HGFRQVWLWXWLYH
HTXDWLRQVDUHXVHGLQWKHDQDO\VHVDQGDODUJHUDQJHRIVWLIIHQHUSURSHUWLHVDUHH[DPLQHG1H[W
UHVXOWVDUHSUHVHQWHGIRUXQVWLIIHQHGF\OLQGHUVPDGHRIODPLQDWHGFRPSRVLWHPDWHULDOV5HVXOWVIRU
VHYHUDOZDOOFRQVWUXFWLRQVDUHSUHVHQWHGWKDWLQFOXGHWKHIXOOH[WHQWRISRVVLEOHDQLVRWURSLHV)RU
HDFKFDVHUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ'RQQHOO¶VHTXDWLRQV6DQGHUV¶HTXDWLRQV
DQG6DQGHUV¶HTXDWLRQVZLWKWKHQRQOLQHDUURWDWLRQVDERXWWKHVXUIDFHQRUPDOYHFWRUILHOG
QHJOHFWHGDUHJHQHUDOO\SUHVHQWHG,QGHVFULELQJUHVXOWVIRUWKLVODWWHUVHWRIHTXDWLRQVWKHSKUDVH
QRQOLQHDUURWDWLRQVDERXWWKHQRUPDODUHQHJOHFWHGLVXVHGIRUFRQYHQLHQFHKHUHLQ)RUF\OLQGHUV
VXEMHFWHGWRSUHVVXUHORDGVUHVXOWVDUHJHQHUDOO\SUHVHQWHGZLWKDQGZLWKRXWOLYHSUHVVXUH
8QVWLIIHQHG,VRWURSLF&\OLQGHUV
$[LDOFRPSUHVVLRQORDGV&RPSDULVRQVIRUXQVWLIIHQHGLVRWURSLFF\OLQGHUVVXEMHFWHGWR
XQLIRUPD[LDOFRPSUHVVLRQDUHVKRZQLQ7DEOHV7KHUHVXOWVLQ7DEOHVKRZWKHSUHGLFWHG
YDOXHVRI REWDLQHGE\'\PDQGREWDLQHGLQWKHSUHVHQWVWXG\DVDIXQFWLRQRI 
DQGWKHFLUFXPIHUHQWLDOZDYHQXPEHUQZKHUHPLVWKHQXPEHURID[LDOKDOIZDYHVIRUPLQJWKH
EXFNOLQJPRGHDQG/LVWKHF\OLQGHUOHQJWK,QDGGLWLRQWKHUHVXOWVZHUHFDOFXODWHGIRUWKH
3RLVVRQ¶VUDWLRν DUDGLXV5 LQDQGDWKLFNQHVVKGHILQHGE\5K 7KHUHVXOWV
RIUHIHUHQFHLQFOXGHYDOXHVRI REWDLQHGE\XVLQJ)OXJJH¶VHTXDWLRQVWKH.RLWHU
%XGLDQVN\HTXDWLRQVDQG'RQQHOO¶VHTXDWLRQVIRUYDOXHVRIQ DQGZKHUHWKH
ODUJHVWGLIIHUHQFHVEHWZHHQWKHUHVXOWVRIWKHWKUHHVHWVRIHTXDWLRQVDUHPRVWOLNHO\WRRFFXU
0RUHRYHUWKHUHVXOWVDUHLQGHSHQGHQWRIWKHPRGXOXVRIHODVWLFLW\(
7KHUHVXOWVLQ7DEOHLQGLFDWHWKDWWKHYDOXHVRI SUHGLFWHGE\'\PDQGWKHSUHVHQW
VWXG\E\XVLQJ'RQQHOO¶VHTXDWLRQVDUHQHDUO\LGHQWLFDO6LPLODUO\WKHUHVXOWVSUHGLFWHGKHUHLQE\
XVLQJ6DQGHUV¶HTXDWLRQVDUHIRUWKHPRVWSDUWZLWKLQRIWKHFRUUHVSRQGLQJUHVXOWVJLYHQE\
'\PWKDWDUHEDVHGRQ)OXJJH¶VHTXDWLRQVDQGWKH.RLWHU%XGLDQVN\HTXDWLRQV,QFRQWUDVW
GLIIHUHQFHVRIEHWZHHQDQGDUHQRWHGIRUFDVHVZLWKQ DQG  ZKLFK
FRUUHVSRQGWRFROXPQOLNHEXFNOLQJPRGHV7KHPRVWQRWDEOHGLIIHUHQFHLVIRXQGIRUWKH
FDVHVZLWKQ DQG  $OORWKHUGLIIHUHQFHVDUHEHWZHHQDQG)RUWKHPRVWSDUW
WKHVHUHVXOWVLQGLFDWHWKDW6DQGHUV¶HTXDWLRQV)OXJJH¶VHTXDWLRQVDQGWKH.RLWHU%XGLDQVN\
HTXDWLRQV\LHOGVROXWLRQVZLWKSUDFWLFDOO\WKHVDPHOHYHORIILGHOLW\
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&RPSDULVRQVRIWKHYDOXHVSUHGLFWHGKHUHLQIRUWKHFULWLFDOYDOXHRIWKHDSSOLHGVWUHVVUHVXOWDQW
ZLWKWKRVHSUHGLFWHGE\6KHLQPDQDQG6LPLWVHVDQGE\6LPLWVHVHWDOREWDLQHGE\XVLQJ
'RQQHOO¶VHTXDWLRQVDUHVKRZQLQ7DEOH7KHVHUHVXOWVDUHIRUF\OLQGHUVZLWKDUDGLXV5 LQ
DPRGXOXV( xSVLDQG3RLVVRQ¶VUDWLRν 0RUHRYHUUHVXOWVDUHJLYHQIRUVHOHFWHG
YDOXHVRIWKHF\OLQGHUOHQJWKWRUDGLXVUDWLRJLYHQE\≤/5≤DQGVHOHFWHGYDOXHVRIWKH
UDGLXVWRWKLFNQHVVUDWLRJLYHQE\≤5K≤7KHWZRVHWVRIUHVXOWVSUHVHQWHGLQWKLVWDEOH
WKDWDUHEDVHGRQ'RQQHOO¶VHTXDWLRQVH[KLELWGLIIHUHQFHVOHVVWKDQ,QDGGLWLRQWKHUHVXOWV
REWDLQHGLQWKHSUHVHQWVWXG\LQGLFDWHWKDWWKHGLIIHUHQFHVLQWKHFRUUHVSRQGLQJSUHGLFWLRQV
REWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQG6DQGHUV¶HTXDWLRQVUDQJHIURPDERXWWRZLWK
WKHODUJHVWGLIIHUHQFHVEHLQJH[KLELWE\WKHORQJF\OLQGHUV6LPLODUO\WKHUHVXOWVLQGLFDWH
GLIIHUHQFHVLQWKHFRUUHVSRQGLQJSUHGLFWLRQVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQG6DQGHUV¶
HTXDWLRQVZLWKQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHGUDQJHIURPDERXWWR
&RPSDULVRQVRIWKHYDOXHVSUHGLFWHGKHUHLQIRUWKHQRQGLPHQVLRQDOEXFNOLQJORDG
ZLWKWKRVHSUHGLFWHGE\=RXDQG)RVWHUDQGE\;LDQJHWDOREWDLQHGE\XVLQJ
)OJJH¶VHTXDWLRQVDQG7LPRVKHQNR¶VHTXDWLRQVDUHVKRZQLQ7DEOH7KLVSDUWLFXODU
QRQGLPHQVLRQDOEXFNOLQJORDGLVREWDLQHGE\GLYLGLQJWKHFULWLFDOYDOXHRIWKHDSSOLHGD[LDOVWUHVV
UHVXOWDQWE\WKHFRUUHVSRQGLQJYDOXHREWDLQHGE\DSS\OLQJ'RQQHOO¶VHTXDWLRQVWRDQLQILQLWHO\
ORQJF\OLQGHUIRUH[DPSOHVHHHTXDWLRQERIUHIHUHQFH0RUHRYHUWKHUHVXOWVLQWKLVWDEOH
DUHIRUF\OLQGHUVZLWKDWKLFNQHVVK LQFKDPRGXOXV( xSVLDQG3RLVVRQ¶VUDWLR
ν 
7KHUHVXOWVLQ7DEOHLQGLFDWHWKDWWKHQRQGLPHQVLRQDOEXFNOLQJORDGVSUHGLFWHGKHUHLQE\
XVLQJ'RQQHOO¶VHTXDWLRQVDUHSUDFWLFDOO\LGHQWLFDOWRWKHYDOXHIRUWKHFRUUHVSRQGLQJLQILQLWHO\
ORQJF\OLQGHUJLYHQE\ ,QDGGLWLRQWKHUHVXOWVLQGLFDWHWKDWWKHQRQGLPHQVLRQDOEXFNOLQJ
ORDGVSUHGLFWHGKHUHLQE\XVLQJ6DQGHUV¶HTXDWLRQVDUHZLWKLQRIWKHFRUUHVSRQGLQJHUHVXOWV
SUHVHQWHGLQUHIHUHQFHVDQGDQGREWDLQHGE\XVLQJHLWKHU)OJJH¶VHTXDWLRQVRU
7LPRVKHQNR¶VHTXDWLRQV7KHUHVXOWVDOVRVKRZWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKH
QRUPDO\LHOGVSUHGLFWLRQVWKDWDUHDVPXFKDVKLJKHUWKDQWKHFRUUHVSRQGLQJUHVXOWREWDLQHG
E\XVLQJ6DQGHUV¶HTXDWLRQV
3UHGLFWHGYDOXHVRIWKHQRQGLPHQVLRQDOEXFNOLQJORDG REWDLQHGLQWKHSUHVHQWVWXG\
DQGREWDLQHGE\<DPDNLDQG.RGDPDDUHSUHVHQWHGLQ7DEOHIRUVHOHFWHGYDOXHVRI%DWGRUI¶V
SDUDPHWHU LQWKHUDQJHRI≤=≤$SLFWRULDOUHSUHVHQWDWLRQRIWKH=
SDUDPHWHUWDNHQIURPUHIHUHQFHLVVKRZQLQILJXUHIRUDYDOXHRI=≈7KHUHVXOWVLQ
WKLVWDEOHLQGLFDWHQHDUO\LGHQWLFDOSUHGLFWLRQVIRUWKHWZRVHWVRIUHVXOWVEDVHGRQ'RQQHOO¶V
HTXDWLRQV0RUHRYHUWKHUHVXOWVEDVHGRQ6DQGHUV¶HTXDWLRQZLWKDQGZLWKRXWQRQOLQHDUURWDWLRQV
DERXWWKHQRUPDOQHJOHFWHGGLIIHUIURPWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶V
HTXDWLRQVE\DWPRVW
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&RPSDULVRQVRIWKHYDOXHVSUHGLFWHGKHUHLQIRUWKHQRQGLPHQVLRQDOEXFNOLQJORDG
ZLWKWKRVHSUHGLFWHGE\<DPDNLDQG.RGDPDREWDLQHGE\XVLQJ)OJJH¶V
HTXDWLRQVDUHVKRZQLQ7DEOH6SHFLILFDOO\UHVXOWVDUHJLYHQIRUF\OLQGHUVZLWKD3RLVVRQ¶VUDWLR
ν 5K DQG≤/5≤7KHVHUHVXOWVVKRZGLIIHUHQFHVRIOHVVWKDQ
EHWZHHQWKHSUHGLFWLRQVREWDLQHGE\<DPDNLDQG.RGDPDXVLQJ)OJJH¶VHTXDWLRQVDQGWKH
SUHGLFWLRQVREWDLQHGKHUHLQZLWK6DQGHUV¶HTXDWLRQV7KHUHVXOWVDOVRVKRZWKDW'RQQHOO¶V
HTXDWLRQVDQG6DQGHUV¶HTXDWLRQVZLWKQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHGSUHGLFW
EXFNOLQJUHVLVWDQFHVWKDWDUHJUHDWHUWKDQWKRVHSUHGLFWHGE\)OJJH¶VDQG6DQGHUV¶HTXDWLRQV
0RUHRYHU'RQQHOO¶VHTXDWLRQVSUHGLFWWKHJUHDWHVWEXFNOLQJUHVLVWDQFHRYHUWKHHQWLUHUDQJHRI
/5H[DPLQHG
7KHGLIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFHSUHGLFWLRQVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ
'RQQHOO¶VHTXDWLRQV6DQGHUV¶HTXDWLRQVDQG6DQGHUV¶HTXDWLRQVZLWKQRQOLQHDUURWDWLRQVDERXW
WKHQRUPDOQHJOHFWHGDUHLOOXVWUDWHGLQILJXUHVIRUF\OLQGHUVZLWKVHOHFWHGUDGLXVWRWKLFNQHVV
UDWLRVLQWKHUDQJH≤5K≤ZLWKD3RLVVRQ¶VUDWLRν DQGZLWK( xSVL
6SHFLILFDOO\UHVXOWVDUHSUHVHQWHGLQILJXUHVIRUF\OLQGHUVZLWK5K ,QILJXUHVDQG
WKHEXFNOLQJUHVLVWDQFHLVPHDVXUHGE\WKHQRQGLPHQVLRQDOEXFNOLQJFRHIILFLHQW IRUYDOXHV
RI≤/5≤DQG≤/5≤UHVSHFWLYHO\ZKHUH LVWKHSULQFLSDOVKHOO
EHQGLQJVWLIIQHVV7KHPRVWO\KRUL]RQWDOUHGOLQHLQILJXUHVDQGFRUUHVSRQGVWRUHVXOWVREWDLQHG
E\XVLQJ'RQQHOO¶VHTXDWLRQV7KHKRUL]RQWDOSDUWFRUUHVSRQGVWRWKHZLGHO\XVHGIRUPXODIRUWKH
FULWLFDOVWUHVVRIDQLQILQLWHO\ORQJF\OLQGHUJLYHQE\
 
7KHFRUUHVSRQGLQJEXFNOLQJFRHIILFLHQWLVJLYHQE\ ZKLFKIRUν 
JLYHV 7KHEODFNDQGWKHEOXHIHVWRRQFXUYHVLQHDFKILJXUHFRUUHVSRQGVWRUHVXOWV
REWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVDQG6DQGHUV¶HTXDWLRQVZLWKQRQOLQHDUURWDWLRQVDERXWWKH
QRUPDOQHJOHFWHGUHVSHFWLYHO\7KHULJKWPRVWEUDQFKRIWKHVHWZRIHVWRRQFXUYHVVKRZQLQILJXUH
FRUUHVSRQGWRDFROXPQOLNHVKHOOEXFNOLQJPRGHJLYHQE\WKHZDYHQXPEHUVP Q DQG
WKHJUDSKFRRUGLQDWHVIRUWKHILUVWFROXPQOLNHVKHOOEXFNOLQJPRGHDUH7KHJUD\
FXUYHLQILJXUHFRUUHVSRQGVWREXFNOLQJFRHIILFLHQWVREWDLQHGE\XVLQJWKH(XOHUFROXPQ
EXFNOLQJIRUPXOD
 
IRUDVLPSO\VXSSRUWHGWKLQZDOOHGWXEXODUEHDPZLWKOHQJWK/FURVVVHFWLRQDOUDGLXV5DQG
WKLFNQHVVKWKDWLVGHIRUPHGLQWRDVLQJOHKDOIZDYHDORQJLWVOHQJWK7KHUHVXOWVLQILJXUH
LQGLFDWHWKHSHUFHQWGLIIHUHQFHLQWKHEXFNOLQJORDGVZLWKUHVSHFWWRWKHUHVXOWVREWDLQHGE\XVLQJ
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6DQGHUV¶HTXDWLRQV)RUH[DPSOHSRLQWVRIWKHUHGFXUYHDUHREWDLQHGE\FRPSXWLQJWKHDEVROXWH
YDOXHRIWKHGLIIHUHQFHEHWZHHQEXFNOLQJORDGVREWDLQHGE\XVLQJ'RQQHOO¶VDQG6DQGHUV¶
HTXDWLRQVDQGWKHQGLYLGLQJWKHUHVXOWE\WKHFRUUHVSRQGLQJEXFNOLQJORDGREWDLQHGIURP6DQGHUV¶
HTXDWLRQV7KHEOXHFXUYHLVREWDLQHGLQDVLPLODUPDQQHUZLWKWKHUHVXOWVREWDLQHGE\XVLQJ
'RQQHOO¶VHTXDWLRQVUHSODFHGZLWKWKHUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKQRQOLQHDU
URWDWLRQVDERXWWKHQRUPDOQHJOHFWHG
5HVXOWVVLPLODUWRWKRVHSUHVHQWHGLQILJXUHVDUHSUHVHQWHGLQILJXUHVIRUF\OLQGHUV
ZLWK5K LQILJXUHVIRUWKRVHZLWK5K DQGLQILJXUHVIRUWKRVHZLWK
5K ,QILJXUH5K WKHILUVWFROXPQOLNHVKHOOEXFNOLQJPRGHSUHGLFWHGE\
6DQGHUV¶HTXDWLRQVLVJLYHQE\WKHJUDSKFRRUGLQDWHV,QILJXUHV5K DQG
5K WKHILUVWFROXPQOLNHVKHOOEXFNOLQJPRGHVDUHJLYHQE\WKHJUDSKFRRUGLQDWHV
DQGUHVSHFWLYHO\DQGDUHQRWVKRZQ
7KHEXFNOLQJFRHIILFLHQWSORWVLQILJXUHVVKRZVLJQLILFDQWGLIIHUHQFHVLQWKHEXFNOLQJ
UHVLVWDQFHSUHGLFWLRQVREWDLQHGIURPWKHWKUHHVHWRIHTXDWLRQVZLWKWKHEODFNFXUYHV6DQGHUV¶
HTXDWLRQVJHQHUDOO\H[KLELWLQJWKHORZHVWFRUUHVSRQGLQJYDOXHVRIEXFNOLQJUHVLVWDQFH
0RUHRYHUWKHGLIIHUHQFHVDUHJHQHUDOO\PRUHSURQRXQFHGDVWKHF\OLQGHUOHQJWKLQFUHDVHV7KH
UHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVSUHGLFWDWUDQVLWLRQWRDFROXPQEXFNOLQJPRGHDW
VLJQLILFDQWO\VPDOOHUYDOXHVRI/5WKDQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ6DQGHUV
HTXDWLRQVZLWKQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHG7KHUHVXOWVREWDLQHGE\XVLQJ
'RQQHOO¶VHTXDWLRQVSUHGLFWQRWUDQVLWLRQDWDOO7KHFXUYHVJLYLQJWKHSHUFHQWGLIIHUHQFHVLQWKH
EXFNOLQJORDGVVKRZQLQILJXUHVDQGH[KLELWSURQRXQFHGYDULDWLRQVZLWKWKHF\OLQGHU
DVSHFWUDWLRWKDWUHVXOWVIURPWKHIHVWRRQFXUYHVSUHGLFWHGE\WKHWKUHHVHWVRIEXFNOLQJHTXDWLRQV
EHLQJRXWRISKDVH7KHFRPPRQDOLW\RIWKHFXUYHVVKRZQLQWKHVHIRXUILJXUHVLVLOOXVWUDWHGLQ
ILJXUH7KLVFRPPRQDOLW\ZDVIRXQGE\QRUPDOL]LQJWKHF\OLQGHUDVSHFWUDWLRVKRZQDVWKH
DEVFLVVDLQILJXUHVDQGE\WKHFRUUHVSRQGLQJYDOXHDWZKLFKWKHILUVWFROXPQOLNH
VKHOOEXFNOLQJPRGHRFFXUV/(XOHU5WKDWLVSUHGLFWHGE\6DQGHUV¶HTXDWLRQV$VVHHQLQILJXUH
WKLVQRUPDOL]DWLRQHIIHFWLYHO\HOLPLQDWHVWKHGHSHQGHQFHRIWKHFXUYHVRQ5KIRUDOOSUDFWLFDO
SXUSRVHV7KHJHQHUDOWUHQGLVDVLJQLILFDQWLQFUHDVHLQWKHEXFNLQJORDGGLIIHUHQFHVDVWKH
F\OLQGHUOHQJWKDSSURDFKHVDSSUR[LPDWHO\RIWKHFRUUHVSRQGLQJOHQJWKDWZKLFKDFROXPQ
OLNHF\OLQGHUEXFNOLQJPRGHRFFXUV+RZHYHUVPDOOHUGLIIHUHQFHVRFFXUGXHWRWKHSURQRXQFHG
YDULDWLRQVLQWKHFXUYHVZLWK//(XOHU
$FRQFLVHUHSUHVHQWDWLRQRIWKHEXFNOLQJEHKDYLRUSUHGLFWHGE\6DQGHUV¶HTXDWLRQVLVVKRZQ
LQILJXUHWKDWLVPDGHSRVVLEOHE\WKHQDWXUHRIWKHUHVXOWVSUHGLFWHGE\'RQQHOO¶VHTXDWLRQV
VKRZQE\WKHEXFNOLQJFRHIILFLHQWSORWVLQILJXUHV,QSDUWLFXODUWKHFXUYHVEDVHGRQ
'RQQHOO¶VHTXDWLRQVDWWHQXDWHUDSLGO\WRDKRUL]RQWDOVWUDLJKWOLQHDVWKHF\OLQGHUDVSHFWUDWLR
EHFRPHVODUJHUWKDQDSSUR[LPDWHO\IRU5K DQGWKLVDWWHQXDWLRQEHFRPHVPRUH
SURQRXQFHGDV5KLQFUHDVHV7KLVSURSHUW\ZDVIRXQGE\0LNXODVHWDOWRSURYLGHDFRQFLVH
UHSUHVHQWDWLRQRIWKHEXFNOLQJUHVXOWVE\GHILQLQJWKHRUGLQDWHDVWKHEXFNOLQJVWUHVVSUHGLFWHGE\
6DQGHUV¶HTXDWLRQV GLYLGHGE\WKHDWWHQXDWHGEXFNOLQJVWUHVVSUHGLFWHGE\'RQQHOO¶V
HTXDWLRQV JLYHQE\HTXDWLRQ,QDGGLWLRQWKHDEVFLVVDLVGHILQHGE\ ZKHUH
WKHVWUHVVLQWKHGHQRPHQDWRULVWKH(XOHUEXFNOLQJVWUHVVJLYHQE\HTXDWLRQ7KHPRUH
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H[SOLFLWIRUPRIWKHDEVFLVVDLVJLYHQE\
 
:LWKWKLVUHSUHVHQWDWLRQWKHEODFNIHVWRRQFXUYHVVKRZQLQILJXUHVEHFRPHWKHUHGFXUYHV
VKRZQLQILJXUH7KHVROLGEOXHFXUYHVKRZQLQILJXUHFRUUHVSRQGVWRFROXPQEXFNOLQJ
SUHGLFWHGE\(XOHU¶VEXFNOLQJHTXDWLRQDQGLWQHDUO\RYHUODSVWKHUHGFXUYH7KHVOLJKWGLIIHUHQFHV
LQWKHUHGDQGEOXHFXUYHVDSSHDUDVDUHVXOWRIWKHDGGLWLRQDOFURVVVHFWLRQIOH[LELOLW\LQKHUHQWWR
VKHOOWKHRU\%DVHGRQUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVWKHF\OLQGHUVEXFNOHLQWRWKH
FROXPQOLNHPRGHP Q DWWKHDSSUR[LPDWHJUDSKFRRUGLQDWHV8VLQJWKHVH
FRRUGLQDWHVZLWKHTXDWLRQVDQG\LHOGVWKHFRUUHVSRQGLQJIRUPXOD 
IRUWKHFRUUHVSRQGLQJFULWLFDOVWUHVVDQG IRUWKHFRUUHVSRQGLQJF\OLQGHUOHQJWK
/(XOHU7KHYDOXHVRIWKHRUGLQDWHDOVRFRUUHVSRQGVWRWKHYDOXH
7KHIRXUUHGFXUYHVVKRZQLQILJXUHHIIHFWLYHO\UHSUHVHQWDVLQJOHPDVWHUFXUYHWRZLWKLQ
WKHDFFXUDF\RIWKHPDWHULDOSURSHUWLHVXVHGWRFDOFXODWHWKHUHVXOWV)RXUDGGLWLRQDOVHWVRIFXUYHV
ZHUHREWDLQHGIRUYDOXHVRIν ν ( xSVLDQG( xSVL7KHVH
DGGLWLRQDOFXUYHVZHUHSUDFWLFDOO\LGHQWLFDOWRWKHFRUUHVSRQGLQJFXUYHVDSSHDULQJLQILJXUH
9DOXHVRIWKHEXFNOLQJVWUHVVUDWLRIRUWKHVHFXUYHVDUHSUHVHQWHGLQ7DEOH7RGHPRQVWUDWHWKH
XWLOLOLW\RIILJXUHWKHDEVFLVVD LVJLYHQLQILJXUHVDQGDVDIXQFWLRQRI5KDQG
IRUVHOHFWHGYDOXHVRI/52YHUDOOWKHUHVXOWVLQILJXUHDOVRLQGLFDWHWKDWGLIIHUHQFHVDVODUJH
DVPD\RFFXUIRUYDOXHVRIWKHDEVFLVVDJLYHQE\ 7KHODUJHVW
GLIIHUHQFHVDUHDSSUR[LPDWHO\IRUYDOXHVRIWKHDEVFLVVDJUHDWHUWKDQ

8QLIRUPH[WHUQDOSUHVVXUHORDGV5HVXOWVIRUXQVWLIIHQHGLVRWURSLFF\OLQGHUVVXEMHFWHGWR
XQLIRUPH[WHUQDOSUHVVXUHDUHJLYHQLQ7DEOHV,QWKHVHWDEOHV3RLVVRQ¶VUDWLRν XQOHVV
VSHFLILHGRWKHUZLVH)LUVWSUHGLFWHGYDOXHVRIWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUH 
REWDLQHGLQWKHSUHVHQWVWXG\DQGREWDLQHGE\<DPDNLDUHSUHVHQWHGLQ7DEOHIRUVHOHFWHG
YDOXHVRI%DWGRUI¶V=SDUDPHWHULQWKHUDQJHRI≤=≤7KHUHVXOWVLQWKLVWDEOHWKDW
FRUUHVSRQGWRWKHSUHVHQWVWXG\ZHUHREWDLQHGE\XVLQJWKHWKLFNQHVVK LQDQG5K 
,QDGGLWLRQWKHUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKDQGZLWKRXWQRQOLQHDUURWDWLRQV
DERXWWKHQRUPDOLQFOXGHWKHHIIHFWRIDOLYHSUHVVXUHORDG
7KHUHVXOWVLQ7DEOHLQGLFDWHWKHEXFNOLQJSUHVVXUHVREWDLQHGE\<DPDNLWKDWDUHEDVHGRQ
'RQQHOO¶VHTXDWLRQVGLIIHUE\OHVVWKDQIURPWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKH
SUHVHQWVWXG\ZLWKDIHZH[FHSWLRQV)RU= DQGWKHFRUUHVSRQGLQJUHVXOWVGLIIHUE\
DERXWDQGUHVSHFWLYHO\)RU= DQGWKHFRUUHVSRQGLQJUHVXOWVGLIIHUE\
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DERXWDQGUHVSHFWLYHO\/LNHZLVHIRU= DQGWKHFRUUHVSRQGLQJUHVXOWV
GLIIHUE\DERXWDQGUHVSHFWLYHO\)RU= WKHFRUUHVSRQGLQJUHVXOWVGLIIHUE\
DERXW7KHUHVXOWVDOVRLQGLFDWHWKDWWKHEXFNOLQJSUHVVXUHVSUHGLFWHGE\6DQGHUV¶HTXDWLRQV
ZLWKDQGZLWKRXWURWDWLRQVDERXWWKHQRUPDOQHJOHFWHGGLIIHUYHU\OLWWOHIURPWKHFRUUHVSRQGLQJ
UHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQV7KHORZHVWSUHGLFWLRQVRIWKHEXFNOLQJUHVLVWDQFH
DUHREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOLQFOXGHG
&RPSDULVRQVRIWKHEXFNOLQJSUHVVXUHVSUHGLFWHGLQWKHSUHVHQWVWXG\ZLWKWKRVHSUHGLFWHGE\
9RGHQLWFKDURYDDQG$QVRXULDQREWDLQHGE\XVLQJ)OJJH¶VHTXDWLRQVDQGE\6KRZNDWLDQG
$QVRXULDQREWDLQHGE\XVLQJDILQLWHHOHPHQWPHWKRGDUHVKRZQLQ7DEOH5HVXOWVDUHJLYHQ
LQWKLVWDEOHIRU≤/5≤DQG≤5K≤DQGZHUHREWDLQHGE\XVLQJWKHWKLFNQHVV
K PWKHPRGXOXV( *3DWKH3RLVVRQ¶VUDWLRν ,QDGGLWLRQWKHUHVXOWVREWDLQHG
E\XVLQJ'RQQHOO¶VHTXDWLRQVDQGILQLWHHOHPHQWDQDO\VHVFRUUHVSRQGWRDGHDGSUHVVXUHORDG7KH
UHVXOWVREWDLQHGE\XVLQJ)OJJH¶VDQG6DQGHUV¶HTXDWLRQVFRUUHVSRQGWRDOLYHSUHVVXUHORDG
7KHUHVXOWVLQ7DEOHLQGLFDWHWKHEXFNOLQJSUHVVXUHVREWDLQHGE\9RGHQLWFKDURYDDQG
$QVRXULDQWKDWDUHEDVHGRQ)OJJH¶VHTXDWLRQVGLIIHUE\OHVVWKDQIURPWKHFRUUHVSRQGLQJ
UHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\ZLWK6DQGHUV¶HTXDWLRQVDQGSUHGLFWWKHVDPHQXPEHURI
FLUFXPIHUHQWLDOZDYHVLQWKHEXFNOLQJPRGH6LPLODUO\WKHEXFNOLQJSUHVVXUHVREWDLQHGE\
6KRZNDWLDQG$QVRXULDQIURPILQLWHHOHPHQWDQDO\VHVGLIIHUE\OHVVWKDQIURPWKH
FRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\ZLWK6DQGHUV¶HTXDWLRQVIRUDOOFDVHVZLWK/5
 DQGZLWKRQHH[FHSWLRQ7KDWLVIRU/5 DQG5K WKHGLIIHUHQFHLVDERXW
)RU/5 DQGWKHGLIIHUHQFHVGHFUHDVHIURPDERXWWRDV5KLQFUHDVHVIURP
WR)RU/5 WKHGLIIHUHQFHVGHFUHDVHIURPDERXWWRDV5KLQFUHDVHVIURP
WR,QDGGLWLRQWKHILQLWHHOHPHQWDQDO\VHVSUHGLFWIRUWKHPRVWSDUWWKHVDPHQXPEHURI
FLUFXPIHUHQWLDOZDYHVLQWKHEXFNOLQJPRGHDV6DQGHUV¶HTXDWLRQV
7KHUHVXOWVLQ7DEOHDOVRVKRZWKDWWKHUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ
'RQQHOO¶VHTXDWLRQVDQGE\XVLQJ6DQGHUV¶HTXDWLRQVQHJOHFWLQJQRQOLQHDUURWDWLRQVDERXWWKH
QRUPDOGLIIHUIURPWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVE\OHVVWKDQ
ZLWKRQO\DIHZH[FHSWLRQV)RU/5 DQG5K WKHGLIIHUHQFHLV)RU/5 
WKHGLIIHUHQFHVDUHDERXWDQGIRU5K DQGUHVSHFWLYHO\)RU
QHDUO\DOOWKHUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\WKHVDPHEXFNOLQJPRGHLVSUHGLFWHGE\WKH
WKUHHGLIIHUHQWDQDO\VHVIRUHDFKFDVH
3UHGLFWHGYDOXHVRIWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUH REWDLQHGLQWKHSUHVHQW
VWXG\DQGREWDLQHGE\:DQJDQG%LOOLQJWRQE\XVLQJ)OJJH¶VDQG7LPRVKHQNR¶VHTXDWLRQVDUH
VKRZQLQ7DEOHVIRU≤/5≤,QSDUWLFXODUUHVXOWVDUHJLYHQLQ7DEOHVIRUD
3RLVVRQ¶VUDWLRν DQGIRU5K DQGUHVSHFWLYHO\5HVXOWVDUHJLYHQLQ7DEOHV
IRUD3RLVVRQ¶VUDWLRν DQGIRU5K DQGUHVSHFWLYHO\,QDOOWKHVHWDEOHV
WKHUHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVFRUUHVSRQGWRDGHDGSUHVVXUHORDG7KHUHVXOWV
REWDLQHGE\XVLQJ)OJJH¶V7LPRVKHQNR¶VDQG6DQGHUV¶HTXDWLRQVFRUUHVSRQGWRDOLYHSUHVVXUH
ORDG
7KHUHVXOWVLQ7DEOHVLQGLFDWHWKDWWKHUHVXOWVREWDLQHGE\:DQJDQG%LOOLQJWRQE\XVLQJ
SFU5
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)OXJJH¶VHTXDWLRQVDUHZLWKLQDSSUR[LPDWHO\RIWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKH
SUHVHQWVWXG\E\XVLQJ6DQGHUV¶HTXDWLRQVZLWKRQHFXULRXVH[FHSWLRQ7KLVH[FHSWLRQDSSHDUV
LQ7DEOHIRU/5 DQGFRUUHVSRQGVWRDERXWDGLIIHUHQFH,QPRVWRIWKHFDVHVKRZHYHU
WKHDJUHHPHQWLVOHVVWKDQDIUDFWLRQRI7KHUHVXOWVLQ7DEOHVDOVRLQGLFDWHWKDWWKHUHVXOWV
REWDLQHGE\:DQJDQG%LOOLQJWRQE\XVLQJ7LPRVKHQNR¶VHTXDWLRQVDUHZLWKLQDSSUR[LPDWHO\
RIWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ6DQGHUV¶HTXDWLRQVZLWK
WZRH[FHSWLRQV7KHVHH[FHSWLRQVDUHJLYHQLQ7DEOHVDQGIRU/5 DQGUHVSHFWLYHO\
DQGFRUUHVSRQGWRGLIIHUHQFHVRIDERXWDQGUHVSHFWLYHO\
)XUWKHUH[DPLQDWLRQRI7DEOHVDOVRLQGLFDWHVWKDWWKHUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶
HTXDWLRQVQHJOHFWLQJQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOGLIIHUIURPWKHFRUUHVSRQGLQJUHVXOWV
REWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVE\OHVVWKDQZLWKPDQ\RIWKHFDVHVVKRZLQJ
VLJQLILFDQWO\EHWWHUDJUHHPHQW,QFRQWUDVWWKHWDEOHVJHQHUDOO\VKRZODUJHUGLIIHUHQFHVEHWZHHQ
WKHUHVXOWVREDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVDQGWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ
'RQQHOO¶VHTXDWLRQV,QSDUWLFXODUWKHGLIIHUHQFHVWHQGWRLQFUHDVHDV/5LQFUHDVHVZLWKD
PD[LPXPGLIIHUHQFHRIDERXW
3UHGLFWHGYDOXHVRIWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUH REWDLQHGLQWKHSUHVHQW
VWXG\DQGREWDLQHGE\%UXVKDQG$OPURWKXVLQJ)OJJH¶VHTXDWLRQVDUHVKRZQLQ7DEOHIRU
VHOHFWHGYDOXHVRIπ≤/5≤πDQGIRU5K DQG&RUUHVSRQGLQJUHVXOWV
REWDLQHGE\%UXVKDQG$OPURWKDUHDOVRJLYHQWKDWDUHEDVHGRQDVHWRIQRQVKDOORZVKHOO
HTXDWLRQVWKDWQHJOHFWWKHHIIHFWVRIOLQHDUDQGQRQOLQHDUURWDWLRQVDERXWWKHQRUPDO$OOUHVXOWVLQ
WKLVWDEOHDUHIRUDOLYHSUHVVXUHORDGH[FHSWWKRVHREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQV7KH
UHVXOWVVKRZDJUHHPHQWWRZLWKLQIRUWKHSUHGLFWLRQVREWDLQHGIURP)OJJH¶VHTXDWLRQVDQG
ERWKIRUPVRI6DQGHUV¶HTXDWLRQV7KHQRQVKDOORZVKHOOUHVXOWVRI%UXVKDQG$OPURWKDJUHHWR
ZLWKRIWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVIRU/5≥π)RU
WKHUHPDLQLQJYDOXHVRI/5LQWKHWDEOHWKHDJUHHPHQWLVWRZLWKLQH[FHSWIRUWKHYHU\VKRUW
VKHOOFDVHZLWK/5 πDQG5K ZKLFKH[KLELWVDGLIIHUHQFHRI,QFRQWUDVWWKH
UHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDJUHHZLWKWKHFRUUHVSRQGLQJUHVXOWVIURP6DQGHUV¶
HTXDWLRQVWRZLWKLQDSSUR[LPDWHO\IRU/5≤πDQGWRZLWKLQIRU/5 π)RU/5!
πGLIIHUHQFHVDVODUJHDVDUHQRWHG
1RQGLPHQVLRQDOEXFNOLQJSUHVVXUHV REWDLQHGLQWKHSUHVHQWVWXG\DQGREWDLQHG
E\6LPLWVHVDQG$VZDQLE\XVLQJWKH%XGLDQVN\.RLWHUHTXDWLRQVDQGE\XVLQJ'RQQHOO¶V
HTXDWLRQVDUHVKRZQLQ7DEOHIRUVHOHFWHGYDOXHVRIπ≤/5≤πDQGIRU5K 
DQG$OOUHVXOWVLQWKLVWDEOHDUHIRUDOLYHSUHVVXUHORDGH[FHSWWKRVHREWDLQHGE\XVLQJ
'RQQHOO¶VHTXDWLRQV7KHUHVXOWVVKRZDJUHHPHQWWRZLWKLQIRUWKHSUHGLFWLRQVREWDLQHGIURP
WKH%XGLDQVN\.RLWHUHTXDWLRQVDQGERWKIRUPVRI6DQGHUV¶HTXDWLRQVXVHGLQWKHSUHVHQWVWXG\
6LPLODUO\WKHFRUUHVSRQGLQJUHVXOWVEDVHGRQ'RQQHOO¶VHTXDWLRQVIURPUHIHUHQFHDQGWKH
SUHVHQWVWXG\DUHZLWKLQDSSUR[LPDWHO\0RUHRYHUWKHUHVXOWVLQGLFDWHWKDWVLJQLILFDQW
GLIIHUHQFHVRFFXULI'RQQHOO¶VHTXDWLRQVDUHXVHGLQVWHDGRI6DQGHUV¶HTXDWLRQVIRUPRVWRIWKH
VKHOOVZLWK/5≥π7KHODUJHVWGLIIHUHQFHLVDERXW
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9DOXHVRIWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUHV REWDLQHGLQWKHSUHVHQW
VWXG\DQGREWDLQHGE\6RRQJE\XVLQJ6DQGHUV¶HTXDWLRQVDQG'RQQHOO¶VHTXDWLRQVDUHVKRZQ
LQ7DEOHIRUVHOHFWHGYDOXHVRI≤/5≤DQGIRU5K 
DQG5HVXOWVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ6DQGHUV¶HTXDWLRQVDUHJLYHQLQWKLVWDEOH
IRUOLYHDQGGHDGSUHVVXUHORDGV$OOUHVXOWVLQWKHWDEOHEDVHGRQ'RQQHOO¶VHTXDWLRQVDUHIRUGHDG
SUHVVXUHVORDGV,WLVQRWHZRUWK\WRSRLQWRXWWKDW6RRQJXVHVDYDULDQWRI6DQGHUV¶HTXDWLRQVWKDW
KDYHJHRPHWULFVWLIIQHVVHVWKDWDUHGLIIHUHQWIURPWKRVHXVHGLQWKHSUHVHQWVWXG\7KLVYDULDQWRI
6DQGHUV¶HTXDWLRQVZDVGHULYHGSUHYLRXVO\E\+RII	6RRQJ
7KHUHVXOWVVKRZQLQ7DEOHLQGLFDWHWKDWEXFNOLQJSUHVVXUHVREWDLQHGLQWKHSUHVHQWVWXG\
E\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDUHWRDODUJHH[WHQWLGHQWLFDOWRWKHFRUUHVSRQGLQJ
UHVXOWVREWDLQHGE\6RRQJ)RUWKHIHZUHVXOWVWKDWGLIIHUWKHGLIIHUHQFHLVOHVVWKDQ6LPLODUO\
WKHEXFNOLQJSUHVVXUHVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ'RQQHOOV¶HTXDWLRQVZLWKGHDG
SUHVVXUHDUHDOPRVWLGHQWLFDOWRWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\6RRQJDQGWKHIHZ
GLIIHUHQFHVDUHOHVVWKDQ7KHUHVXOWVLQ7DEOHDOVRVKRZWKDWVLJQLILFDQWGLIIHUHQFHV
EHWZHHQSUHGLFWLRQVEDVHGRQOLYHDQGGHDGSUHVVXUHORDGVDULVHDVWKHVKHOOVEHFRPHORQJHUDQG
WKLFNHU7KHPD[LPXPGLIIHUHQFHIRUWKLVFDVHLVDERXW
7KHGLIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFHSUHGLFWLRQVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ
'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDQG6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUH
DUHLOOXVWUDWHGLQILJXUHVIRUF\OLQGHUVZLWKUDGLXVWRWKLFNQHVVUDWLR5K DQG
UHVSHFWLYHO\DQGZLWKD3RLVVRQ¶VUDWLRν ,QWKHVHILJXUHVWKHEXFNOLQJUHVLVWDQFHLV
PHDVXUHGE\WKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUH IRUYDOXHVRI≤/5≤7KHEODFN
IHVWRRQFXUYHVLQHDFKILJXUHFRUUHVSRQGWRUHVXOWVREWDLQHGE\XVLQJ6DQGHUVHTXDWLRQVZLWKOLYH
SUHVVXUHDQGDSSURDFKHVDYDOXHRIWKUHHDV/5DSSURDFKHVZLWKWKHIDVWHUFRQYHUJHQFHEHLQJ
H[KLELWHGE\WKHF\OLQGHUZLWK5K 7KHEOXHDQGUHGIHVWRRQFXUYHVLQHDFKILJXUHFRUUHVSRQG
WRUHVXOWVREWDLQHGE\XVLQJ6DQGHUVHTXDWLRQVZLWKGHDGSUHVVXUHDQG'RQQHOO¶VHTXDWLRQVZLWK
GHDGSUHVVXUHUHVSHFWLYHO\7KHVHWZRFXUYHVDSSURDFKDYDOXHRIIRXUDV/5DSSURDFKHV
7KHUHVXOWVLQILJXUHVH[KLELWVLJQLILFDQWGLIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFH
SUHGLFWLRQVREWDLQHGIURPWKHWKUHHVHWRIHTXDWLRQVZLWKWKHEODFNFXUYHVJHQHUDOO\H[KLELWLQJ
WKHORZHVWYDOXHVRIEXFNOLQJUHVLVWDQFH7KHKLJKHVWYDOXHVRIEXFNOLQJUHVLVWDQFHDUHREWDLQHG
E\XVLQJ6DQGHUV¶HTXDWLRQZLWKGHDGSUHVVXUH,QDGGLWLRQWKHUHVXOWVREWDLQHGE\XVLQJ
'RQQHOO¶VHTXDWLRQVSUHGLFWHGIRUPDQ\FDVHVQHDUO\WKHVDPHOHYHORIEXFNOLQJUHVLVWDQFHDVWKH
FRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQZLWKGHDGSUHVVXUH0RUHVSHFLILFDOO\
WKHSHUFHQWGLIIHUHQFHLQWKHEXFNOLQJSUHVVXUHVZLWKUHVSHFWWRWKHUHVXOWVREWDLQHGE\XVLQJ
6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDUHVKRZQLQILJXUHVIRU5K DQG
UHVSHFWLYHO\,QSDUWLFXODUSRLQWVRIWKHUHGFXUYHVDUHREWDLQHGE\FRPSXWLQJWKHDEVROXWHYDOXH
RIWKHGLIIHUHQFHEHWZHHQEXFNOLQJSUHVVXUHVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVZLWKGHDG
SUHVVXUHDQGWKHQGLYLGLQJWKHUHVXOWE\WKHFRUUHVSRQGLQJEXFNOLQJORDGREWDLQHGIURP6DQGHUV¶
HTXDWLRQVZLWKOLYHSUHVVXUH7KHEOXHFXUYHLVREWDLQHGLQDVLPLODUPDQQHUZLWKWKHUHVXOWV
REWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVUHSODFHGZLWKWKHUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶
HTXDWLRQVZLWKGHDGSUHVVXUH
SFU5   − ν
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7KHUHVXOWVLQILJXUHVVKRZVRPHVLJQLILFDQWGLIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFH
SUHGLFWLRQVREWDLQHGIURPWKHWKUHHVHWRIHTXDWLRQV7KHVPDOOHUGLIIHUHQFHVRFFXUIRUWKHVKRUWHU
F\OLQGHUVDQGWKHGLIIHUHQFHVEHFRPHOHVVSURQRXQFHGDV5KLQFUHDVHV7KHFRPPRQDOLW\RIWKH
FXUYHVVKRZQLQWKHVHIRXUILJXUHVLVLOOXVWUDWHGLQILJXUH7KLVFRPPRQDOLW\ZDVIRXQGE\
QRUPDOL]LQJWKHF\OLQGHUOHQJWKWRUDGLXVUDWLRVKRZQDVWKHDEVFLVVDLQILJXUHVE\WKH
FRUUHVSRQGLQJYDOXHDWZKLFKWKHILUVWPRGHRFFXUVZLWKP DQGQ GHQRWHGE\/5
WKDWLVSUHGLFWHGE\6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUH$VVHHQLQILJXUHWKLVQRUPDOL]DWLRQ
HIIHFWLYHO\HOLPLQDWHVWKHGHSHQGHQFHRIWKHFXUYHVRQ5KIRUDOOSUDFWLFDOSXUSRVHV0RUHRYHU
6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHH[KLELWODUJHUGLIIHUHQFHVWKDQWKHFRUUHVSRQGLQJFDVHV
REWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVZLWKGHDGSUHVVXUH)RUVKRUWHUF\OLQGHUVZLWK//≤
WKHGLIIHUHQFHVDUHOHVVWKDQ,QFRQWUDVWGLIIHUHQFHVLQH[FHVVRIRFFXUIRUWKHF\OLQGHUV
ZLWK//!
$FRQFLVHUHSUHVHQWDWLRQRIWKHEXFNOLQJEHKDYLRUSUHGLFWHGE\XVLQJ'RQQHOO¶VHTXDWLRQV
ZLWKGHDGSUHVVXUHDQG6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHLVSUHVHQWHGLQILJXUH7KH
FRUUHVSRQGLQJUHVXOWVLQILJXUHVDUHVKRZQLQILJXUHE\DOVRXVLQJDQDIILQHPDSSLQJRI
WKHDEVFLVVDDQGRUGLQDWH,QSDUWLFXODUWKHRUGLQDWHLVGHILQHGDVWKHEXFNOLQJSUHVVXUHUDWLR 
ZKHUH
 
LVWKHEXFNOLQJSUHVVXUHREWDLQHGE\DSSO\LQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHWRDQ
LQILQLWHO\ORQJF\OLQGHU,QSDUWLFXODUHTXDWLRQLVREWDLQHGE\IURPWKHFRQGLWLRQWKDW
DV 7KHDEVFLVVDLVGHILQHGE\ :LWKWKLVUHSUHVHQWDWLRQWKHEODFN
FXUYHVVKRZQLQILJXUHVEHFRPHWKHEODFNQHDUO\LGHQWLFDOFXUYHVVKRZQLQILJXUH
6LPLODUO\WKHUHGFXUYHVVKRZQLQILJXUHVEHFRPHWKHUHGQHDUO\LGHQWLFDOFXUYHVVKRZQ
LQILJXUH
7KHQHDUO\LGHQWLFDOJURXSRIEODFNFXUYHVDQGJURXSRIUHGFXUYHVVKRZQLQILJXUHHDFK
UHSUHVHQWDVLQJOHPDVWHUFXUYHWRZLWKLQWKHDFFXUDF\RIWKHPDWHULDOSURSHUWLHVXVHGWR
FDOFXODWHWKHUHVXOWV2YHUDOOWKHVHUHVXOWVLQGLFDWHWKDWGLIIHUHQFHVDVODUJHDVPD\RFFXU
IRUYDOXHVRIWKHDEVFLVVDJUHDWHUWKDQ6LPLODUFXUYHVZHUHREWDLQHGIRUYDOXHVRIν 
DQGDQGIRUYDOXHVRI( xSVLxSVLDQGxSVL7KHVHDGGLWLRQDO
FXUYHVZHUHSUDFWLFDOO\LGHQWLFDOWRWKHFRUUHVSRQGLQJFXUYHVDSSHDULQJLQILJXUH
8QLIRUPK\GURVWDWLFSUHVVXUHORDGV5HVXOWVIRUXQVWLIIHQHGLVRWURSLFF\OLQGHUVVXEMHFWHG
WRXQLIRUPK\GURVWDWLFSUHVVXUHDUHVKRZQLQ7DEOHV,QWKHVHWDEOHV3RLVVRQ¶VUDWLRν 
XQOHVVVSHFLILHGRWKHUZLVH)LUVWSUHGLFWHGYDOXHVRIWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUH
REWDLQHGLQWKHSUHVHQWVWXG\DQGREWDLQHGE\<DPDNLE\XVLQJ'RQQHOO¶VHTXDWLRQVDUH
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SUHVHQWHGLQ7DEOHIRUVHOHFWHGYDOXHVRI%DWGRUI¶VSDUDPHWHU LQWKHUDQJHRI
≤=≤VHHILJXUH7KHUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\ZHUHFRPSXWHGIRUD
WKLFNQHVVK LQDQGDUDGLXVWRWKLFNQHVVUDWLR5K ,QDGGLWLRQWKHUHVXOWVREWDLQHG
IURP'RQQHOO¶VHTXDWLRQVDUHIRUDGHDGSUHVVXUHORDGLQJZKHUHDVWKHUHVXOWVEDVHGRQ6DQGHUV¶
HTXDWLRQVDUHIRUOLYHSUHVVXUHORDGV7KHUHVXOWVLQWKLVWDEOHLQGLFDWHQHDUO\LGHQWLFDOSUHGLFWLRQV
IRUWKHWZRVHWVRIUHVXOWVEDVHGRQ'RQQHOO¶VHTXDWLRQVZLWKPRVWGLIIHUHQFHVEHLQJOHVVWKDQ
DQGWKHODUJHVWEHLQJDERXW0RUHRYHUWKHUHVXOWVEDVHGRQ6DQGHUV¶HTXDWLRQVZLWK
DQGZLWKRXWQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHGGLIIHUIURPWKHFRUUHVSRQGLQJUHVXOWV
REWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVE\DERXW
9DOXHVRIWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUH REWDLQHGLQWKHSUHVHQWVWXG\
DQGREWDLQHGE\)DQHWDOXVLQJ)OJJH¶VDQG'RQQHOO¶VHTXDWLRQVE\6REHOXVLQJ'RQQHOO¶V
HTXDWLRQVDQGE\$VKRXUDQG6REHOXVLQJ6DQGHUV¶HTXDWLRQVDUHSUHVHQWHGLQ7DEOHIRU5
K DQGVHOHFWHGYDOXHVRI≤/5≤7KHUHVXOWVREWDLQHGIURP'RQQHOO¶VHTXDWLRQVDUH
IRUDGHDGSUHVVXUHORDGLQJZKHUHDVWKHUHVXOWVEDVHGRQ6DQGHUV¶DQG)OJJH¶VHTXDWLRQVDUHIRU
OLYHSUHVVXUHORDGV$QDO\VLVRIWKHUHVXOWVLQWKLVWDEOHUHYHDOVWKDWEXFNOLQJSUHVVXUHVSUHGLFWHG
E\)OJJH¶VHTXDWLRQVDUHZLWKLQRIWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\
E\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUH6LPLODUO\DOOUHVXOWVLQWKHWDEOHWKDWDUHEDVHGRQ
'RQQHOO¶VHTXDWLRQVDUHZLWKLQRIWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\E\
XVLQJ'RQQHOOV¶HTXDWLRQV7KHWDEOHDOVRVKRZVWKDWXVLQJDGHDGSUHVVXUHORDGLQVWHDGRIDOLYH
SUHVVXUHORDG\LHOGVGLIIHUHQFHVEHWZHHQDQGLQWKHUHVXOWVEDVHGRQ6DQGHUV¶HTXDWLRQV
IRUVKHOOVZLWK/5≥,QDGGLWLRQQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOLQ6DQGHUV
HTXDWLRQVZLWKOLYHSUHVVXUHLVVHHQWRKDYHDYHU\VPDOOHIIHFW&RPSDULQJWKHFRUUHVSRQGLQJ
UHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDQG'RQQHOO¶V
HTXDWLRQVZLWKGHDGSUHVVXUHLQGLFDWHVGLIIHUHQFHVOHVVWKDQIRU/5)RU/5 DQG
WKHGLIIHUHQFHVDUHDSSUR[LPDWHO\DQGUHVSHFWLYHO\
9DOXHVRIWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUHV REWDLQHGLQWKHSUHVHQW
VWXG\DQGREWDLQHGE\6RRQJE\XVLQJ6DQGHUV¶HTXDWLRQVDQG'RQQHOO¶VHTXDWLRQVDUHVKRZQLQ
7DEOHIRUVHOHFWHGYDOXHVRI≤/5≤DQGIRU5K 
DQG5HVXOWVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ6DQGHUV¶HTXDWLRQVDUHJLYHQLQWKLVWDEOH
IRUOLYHDQGGHDGSUHVVXUHORDGV$OOUHVXOWVLQWKHWDEOHEDVHGRQ'RQQHOO¶VHTXDWLRQVDUHIRUGHDG
SUHVVXUHVORDGV7KHUHVXOWVSUHVHQWHGLQWKLVWDEOHLQGLFDWHWKDWEXFNOLQJSUHVVXUHVREWDLQHGLQWKH
SUHVHQWVWXG\E\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDUHWRDODUJHH[WHQWLGHQWLFDOWRWKH
FRUUHVSRQGLQJUHVXOWVREWDLQHGE\6RRQJ)RUWKHIHZUHVXOWVWKDWGLIIHUWKHGLIIHUHQFHLVOHVVWKDQ
6LPLODUO\WKHEXFNOLQJSUHVVXUHVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ'RQQHOOV¶
HTXDWLRQVZLWKGHDGSUHVVXUHDUHLGHQWLFDOWRWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\6RRQJ7KH
UHVXOWVLQ7DEOHDOVRVKRZWKDWVLJQLILFDQWGLIIHUHQFHVEHWZHHQSUHGLFWLRQVEDVHGRQOLYHDQG
GHDGSUHVVXUHORDGVDULVHDVWKHVKHOOVEHFRPHORQJHUDQGWKLFNHU7KHPD[LPXPGLIIHUHQFHIRU
WKLVFDVHLVDERXW
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3UHGLFWHGYDOXHVRIWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUH REWDLQHGLQWKHSUHVHQW
VWXG\DQGREWDLQHGE\6LQJHUHWDOXVLQJ'RQQHOO¶VHTXDWLRQVDUHVKRZQLQ7DEOHIRU
VHOHFWHGYDOXHVRI≤/5≤DQGIRUYDOXHVRI5KEHWZHHQDQGLQFOXGLQJDQG
5HVXOWVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ6DQGHUV¶HTXDWLRQVDUHJLYHQLQWKLVWDEOHIRUOLYH
SUHVVXUHORDGVDQGWKHUHVXOWVEDVHGRQ'RQQHOO¶VHTXDWLRQVDUHIRUGHDGSUHVVXUHVORDGV7KH
UHVXOWVSUHVHQWHGLQWKLVWDEOHLQGLFDWHWKDWEXFNOLQJSUHVVXUHVREWDLQHGLQWKHSUHVHQWVWXG\E\
XVLQJ'RQQHOO¶VHTXDWLRQVDUHDOPRVWLGHQWLFDOWRWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\6LQJHUHW
DOZLWKWKHODUJHVWGLIIHUHQFHEHLQJDERXW7KHUHVXOWVLQ7DEOHDOVRVKRZWKDW
GLIIHUHQFHVLQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ6DQGHUV¶HTXDWLRQV
ZLWKDQGZLWKRXWQRQOLQHDUURWDWLRQVDERXWWKHQRUPDODUHOHVVWKDQ/LNHZLVHWKH
GLIIHUHQFHVLQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ6DQGHUV¶HTXDWLRQV
DQG'RQQHOO¶VHTXDWLRQVDUHIRUWKHPRVWSDUWOHVVWKDQZLWKDPD[LPXPGLIIHUHQFHRI
DSSUR[LPDWHO\
7KHGLIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFHSUHGLFWLRQVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ
'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDQG6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUH
DUHLOOXVWUDWHGLQILJXUHVIRUF\OLQGHUVZLWK5K DQGUHVSHFWLYHO\DQG
ZLWKD3RLVVRQ¶VUDWLRν ,QWKHVHILJXUHVWKHEXFNOLQJUHVLVWDQFHLVDOVRPHDVXUHGE\WKH
QRQGLPHQVLRQDOEXFNOLQJSUHVVXUH IRUYDOXHVRI≤/5≤7KHEODFNIHVWRRQFXUYHV
LQHDFKILJXUHFRUUHVSRQGWRUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDQG
DSSURDFKHVDYDOXHRIWKUHHDV/5LQFUHDVHVZLWKRXWERXQGZLWKWKHIDVWHUFRQYHUJHQFHEHLQJ
H[KLELWHGE\WKHF\OLQGHUZLWK5K 7KHEOXHIHVWRRQFXUYHVLQHDFKILJXUHFRUUHVSRQGWR
UHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDQGDSSURDFKDYDOXHRIIRXUDV
/5LQFUHDVHVZLWKRXWERXQG7KHUHGIHVWRRQFXUYHLQHDFKILJXUHFRUUHVSRQGVWRUHVXOWVREWDLQHG
E\XVLQJ'RQQHOO¶VHTXDWLRQVZLWKGHDGSUHVVXUH
7KHUHVXOWVLQILJXUHVVKRZVLJQLILFDQWGLIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFH
SUHGLFWLRQVREWDLQHGIURPWKHWKUHHVHWRIHTXDWLRQVZLWKWKHEODFNFXUYHVJHQHUDOO\H[KLELWLQJ
WKHORZHVWYDOXHVRIEXFNOLQJUHVLVWDQFHSDUWLFXODUO\IRU/57KHKLJKHVWYDOXHVRIEXFNOLQJ
UHVLVWDQFHDUHJHQHUDOO\REWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQZLWKGHDGSUHVVXUH$GLUHFW
TXDQWLWDWLYHGHSLFWLRQRIWKHGLIIHUHQFHVEHWZHHQEXFNOLQJSUHGLFWLRQVREWDLQHGE\XVLQJWKHWKUHH
GLIIHUHQWVHWVRIHTXDWLRQVLVSUHVHQWHGLQILJXUHV0RUHVSHFLILFDOO\WKHSHUFHQWGLIIHUHQFH
LQWKHEXFNOLQJSUHVVXUHVZLWKUHVSHFWWRWKHUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYH
SUHVVXUHDUHVKRZQLQILJXUHVIRU5K DQGUHVSHFWLYHO\3RLQWVRIWKH
UHGFXUYHVDUHREWDLQHGE\FRPSXWLQJWKHDEVROXWHYDOXHRIWKHGLIIHUHQFHEHWZHHQEXFNOLQJ
SUHVVXUHVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVZLWKGHDGSUHVVXUHDQGWKHQGLYLGLQJWKHUHVXOW
E\WKHFRUUHVSRQGLQJEXFNOLQJORDGREWDLQHGIURP6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUH7KHEOXH
FXUYHLVREWDLQHGLQDVLPLODUPDQQHUZLWKWKHUHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQV
UHSODFHGZLWKWKHUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUH
7KHUHVXOWVLQILJXUHVVKRZVRPHVLJQLILFDQWGLIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFH
SUHGLFWLRQVREWDLQHGIURPWKHWKUHHVHWRIHTXDWLRQV7KHVPDOOHUGLIIHUHQFHVRFFXUIRUWKHVKRUWHU
F\OLQGHUVDQGWKHGLIIHUHQFHVEHFRPHOHVVSURQRXQFHGDV5KLQFUHDVHVLQDPDQQHUVLPLODUWRWKDW
SFU5
'
SFU5
'

VHHQIRUWKHF\OLQGHUVVXEMHFWHGWRH[WHUQDOSUHVVXUH7KHFRPPRQDOLW\RIWKHFXUYHVVKRZQLQ
ILJXUHVLVLOOXVWUDWHGLQILJXUH7KLVFRPPRQDOLW\ZDVDOVRIRXQGE\QRUPDOL]LQJWKH
F\OLQGHUDVSHFWUDWLRVKRZQDVWKHDEVFLVVDLQILJXUHVE\WKHFRUUHVSRQGLQJYDOXHDWZKLFK
WKHILUVWPRGHRFFXUVZLWKP DQGQ GHQRWHGE\/5WKDWLVSUHGLFWHGE\6DQGHUV¶
HTXDWLRQVZLWKOLYHSUHVVXUH$VVHHQLQILJXUHWKLVQRUPDOL]DWLRQDOVRHIIHFWLYHO\HOLPLQDWHV
WKHGHSHQGHQFHRIWKHFXUYHVRQ5KIRUDOOSUDFWLFDOSXUSRVHV0RUHRYHU6DQGHUV¶HTXDWLRQVZLWK
GHDGSUHVVXUHH[KLELWODUJHUGLIIHUHQFHVWKDQWKHFRUUHVSRQGLQJFDVHVREWDLQHGE\XVLQJ'RQQHOO¶V
HTXDWLRQVZLWKGHDGSUHVVXUHIRUWKHPRVWSDUW)RUVKRUWHUF\OLQGHUVZLWK//≤WKH
GLIIHUHQFHVDUHOHVVWKDQ,QFRQWUDVWGLIIHUHQFHVLQH[FHVVRIRFFXUIRUWKHF\OLQGHUVZLWK
//!
$FRQFLVHUHSUHVHQWDWLRQRIWKHEXFNOLQJEHKDYLRUSUHGLFWHGE\XVLQJ'RQQHOO¶VHTXDWLRQV
ZLWKGHDGK\GURVWDWLFSUHVVXUHDQG6DQGHUV¶HTXDWLRQVZLWKOLYHK\GURVWDWLFSUHVVXUHLVSUHVHQWHG
LQILJXUH7KHFRUUHVSRQGLQJUHVXOWVLQILJXUHVDUHVKRZQLQILJXUHE\DOVRXVLQJWKH
VDPHDEVFLVVDDQGRUGLQDWHWKDWDSSHDUVLQILJXUHIRUF\OLQGHUVVXEMHFWHGWRH[WHUQDOSUHVVXUH
:LWKWKLVUHSUHVHQWDWLRQWKHEODFNDQGUHGFXUYHVVKRZQLQILJXUHVEHFRPHWKHQHDUO\
LGHQWLFDOEODFNDQGWKHQHDUO\LGHQWLFDOUHGFXUYHVUHVSHFWLYHO\VKRZQLQILJXUH
/LNHIRUWKHFDVHRIH[WHUQDOSUHVVXUHWKHQHDUO\LGHQWLFDOJURXSRIEODFNFXUYHVDQGJURXSRI
UHGFXUYHVVKRZQLQILJXUHHDFKUHSUHVHQWDVLQJOHPDVWHUFXUYHWRZLWKLQWKHDFFXUDF\RIWKH
PDWHULDOSURSHUWLHVXVHGWRFDOFXODWHWKHUHVXOWV$OWRJHWKHUWKHVHUHVXOWVLQGLFDWHWKDWH[WUHPHO\
ODUJHGLIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFHSUHGLFWHGE\WKHWZRVHWVRIHTXDWLRQVRFFXUIRUYDOXHV
RIWKHDEVFLVVDJUHDWHUWKDQDERXW6LPLODUFXUYHVZHUHREWDLQHGIRUYDOXHVRIν 
DQGDQGIRUYDOXHVRI( xSVLxSVLDQGxSVL7KHVHDGGLWLRQDO
FXUYHVZHUHDOVRSUDFWLFDOO\LGHQWLFDOWRWKHFRUUHVSRQGLQJFXUYHVDSSHDULQJLQILJXUH
$[LDOFRPSUHVVLRQDQGIL[HGLQWHUQDOSUHVVXUHORDGV1RUHOHYDQWWDEXODUGDWDIRUWKLVFDVH
ZHUHIRXQGLQWKHSUHVHQWVWXG\+RZHYHULQDVWXG\SUHVHQWHGE\+XWFKLQVRQEDVHGRQ
'RQQHOO¶VHTXDWLRQVWKHIRUPXOD
 D
ZKHUH LVJLYHQE\HTXDWLRQDQG
 E
LVJLYHQWKDWLVLQFRPSOHWHDJUHHPHQWZLWKWKHFRUUHVSRQGLQJUHVXOWVRIWKHSUHVHQWVWXG\7KLV
IRUPXODLVREWDLQHGE\QRWLQJWKDWWKHVWUHVVDWEXFNOLQJ LVWKHEXFNOLQJVWUHVVRIWKH
FRUUHVSRQGLQJXQSUHVVXUL]HGF\OLQGHUSOXVWKHD[LDOWHQVLRQVWUHVVFDXVHGE\WKHLQWHUQDOSUHVVXUH
,QDGGLWLRQZKHQWKHLQWHUQDOSUHVVXUHYDQLVKHVWKHEXFNOLQJSUHGLFWLRQVREWDLQHGLQWKH
SUHVHQWVWXG\FRUUHVSRQGWRFRPSUHVVLRQORDGHGF\OLQGHUVZKLFKKDYHEHHQVKRZQKHUHLQWREH
IRUWKHPRVWSDUWLQH[FHOOHQWDJUHHPHQWZLWKFRUUHVSRQGLQJSXEOLVKHGUHVXOWV
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7KHGLIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFHSUHGLFWLRQVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ
'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVZLWKGHDGLQWHUQDOSUHVVXUHDQG6DQGHUV¶HTXDWLRQVZLWKOLYH
LQWHUQDOSUHVVXUHDUHLOOXVWUDWHGLQILJXUHVIRUF\OLQGHUVZLWKUDGLXVWRWKLFNQHVVUDWLR5K 
DQGUHVSHFWLYHO\DQGZLWKD3RLVVRQ¶VUDWLRν ,QWKHVHILJXUHVWKH
EXFNOLQJUHVLVWDQFHLVPHDVXUHGE\WKHQRQGLPHQVLRQDOEXFNOLQJFRHIILFLHQW IRUYDOXHVRI
≤/5≤6HYHUDOFXUYHVDUHSUHVHQWHGLQHDFKILJXUHIRUYDOXHVRIWKHQRQGLPHQVLRQDO
LQWHUQDOSUHVVXUHLQWKHUDQJH 7KHVROLGEODFNFXUYHVLQHDFKILJXUHFRUUHVSRQGWR
UHVXOWVREWDLQHGE\XVLQJ6DQGHUVHTXDWLRQVZLWKOLYHLQWHUQDOSUHVVXUHZLWKWKHORZHVWIHVWRRQ
FXUYHFRUUHVSRQGLQJWRUHVXOWVIRUXQSUHVVXUL]HGF\OLQGHUV ,QILJXUHVDQGDSRUWLRQ
RIWKHVROLGEODFNFXUYHREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVLVVKRZQWKDWFRUUHVSRQGVWR
FROXPQOLNHEXFNOLQJPRGHVZLWKRQHKDOIZDYHDORQJWKHF\OLQGHUOHQJWK,QDGGLWLRQDVROLG
JUD\FXUYHLVVKRZQLQWKHVHWZRILJXUHVWKDWFRUUHVSRQGVWRUHVXOWVREWDLQHGIURPWKH(XOHU
FROXPQEXFNOLQJHTXDWLRQIRUDWKLQZDOOHGWXEH7KHUHGFXUYHVLQHDFKILJXUHFRUUHVSRQGVWR
UHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVZLWKGHDGSUHVVXUH
7KHUHVXOWVLQILJXUHVVKRZWKDWDVWKHLQWHUQDOSUHVVXUHLQFUHDVHVWKHFXUYHVEDVHGRQ
6DQGHUV¶HTXDWLRQVJHQHUDOO\WUDQVLWLRQIURPIHVWRRQFXUYHVWRDKRUL]RQWDOVWUDLJKWOLQHDQGWKH
EXFNOLQJUHVLVWDQFHLQFUHDVHV)RUWKHWKLFNHUF\OLQGHUVZLWK5K DQGWKHEODFNFXUYHV
WUDQVLWLRQWRDPRQRWRQLFDOO\GHFUHDVLQJSDUDERODOLNHFXUYHDVVRFLDWHGZLWKFROXPQEXFNOLQJDV
WKHYDOXHVRI/5LQFUHDVH,QDOOFDVHVWKHUHVXOWVEDVHGRQ'RQQHOO¶VHTXDWLRQVDUHKRUL]RQWDO
VWUDLJKWUHGOLQHV
&DUHIXODQDO\VLVRIWKHFXUYHVVKRZQLQILJXUHVUHYHDOVWKDWDVWKHLQWHUQDOSUHVVXUH
LQFUHDVHVWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶DQG
'RQQHOO¶VHTXDWLRQVGLVDSSHDU0RUHRYHUWKLVWUHQGLVDFFHOHUDWHGDV5KLQFUHDVHV7KHUHVXOWV
DOVRVKRZVXEVWDQWLDOGLIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFHSUHGLFWLRQVREWDLQHGIURPWKHWZRVHWV
RIHTXDWLRQVIRUWKHWKLFNHUVKHOOVZLWK5K DQG)RUWKHWKLQQHUVKHOOVILJXUHVDQG
VKRZQRGLIIHUHQFHVLQWKHEXFNOLQJSUHGLFWLRQVIRUWKHSUHVVXUL]HGF\OLQGHUVREWDLQHGIURPWKH
WZRVHWVRIHTXDWLRQV
$VHWRIPDVWHUFXUYHVWKHIRULQWHUQDOSUHVVXUHORDGHGF\OLQGHUVFRUUHVSRQGLQJWRWKH
UHVXOWVLQILJXUHVLVSUHVHQWHGLQILJXUH7KHVHFXUYHVZHUHREWDLQHGE\QRWLQJWKDWWKH
RUGLQDWHDQGDEVFLVVDVKRXOGEHVLPLODUWRWKRVHVKRZQLQILJXUHIRUXQSUHVVXUL]HGF\OLQGHUV
$IWHUDQXPEHURIDWWHPSWVWKHFXUYHVLQILJXUHVZHUHIRXQGWRFRPHLQWRQHDU
FRDOHVFHQFHE\ILUVWH[SUHVVLQJWKHEXFNOLQJVWUHVVREWDLQHGIURP(XOHU¶VEXFNOLQJIRUPXODIRUD
VLPSO\VXSSRUWHGFROXPQGHIRUPHGLQWRDVLQJOHKDOIZDYHDV
 
ZKHUHWKHVHFRQGWHUPLVWKHD[LDOSUHVWUHVVFDXVHGE\WKHHQFORVHGLQWHUQDOSUHVVXUH7KHQOLNH
EHIRUHWKHRUGLQDWHLVGHILQHGDVWKHEXFNOLQJVWUHVVUDWLR ZKHUH
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LVWKHEXFNOLQJVWUHVVREWDLQHGE\DSSO\LQJ'RQQHOO¶VHTXDWLRQVWRDQLQILQLWHO\ORQJSUHVVXUL]HG
F\OLQGHUJLYHQE\HTXDWLRQV7KHDEVFLVVDLVDOVRGHILQHGE\ DVEHIRUHEXWXVHV
HTXDWLRQVDQG$IWHUDOJHEUDLFVLPSOLILFDWLRQLWLVIRXQGWKDW
 
%\XVLQJWKLVUHSUHVHQWDWLRQLWZDVIRXQGWKDWWKHVROLGEODFNFXUYHVVKRZQLQILJXUHV
EHFRPHWKHUHGQHDUO\LGHQWLFDOFXUYHVVKRZQLQILJXUHZKHQ LVXVHGDVWKH
QRQGLPHQVLRQDOLQWHUQDOSUHVVXUHSDUDPHWHU6LPLODUFXUYHVZHUHREWDLQHGIRUYDOXHVRIν 
DQGDQGIRUYDOXHVRI( xSVLxSVLDQGxSVL7KHVH
DGGLWLRQDOFXUYHVZHUHSUDFWLFDOO\LGHQWLFDOWRWKHFRUUHVSRQGLQJFXUYHVDSSHDULQJLQILJXUH
$OWRJHWKHUWKHUHVXOWVLQILJXUHJLYHDYHU\FRPSOHWHFRPSDFWUHSUHVHQWDWLRQRIDYHU\EURDG
UDQJHRISUREOHPYDULDEOHV
7RUVLRQORDGV5HVXOWVIRUXQVWLIIHQHGLVRWURSLFF\OLQGHUVZLWK3RLVVRQ¶VUDWLRν DQG
VXEMHFWHGWRXQLIRUPWRUVLRQDOVKHDUDWWKHF\OLQGHUHQGVDUHVKRZQLQ7DEOHV6SHFLILFDOO\
SUHGLFWHGYDOXHVRIWKHVKHDUEXFNOLQJFRHIILFLHQW REWDLQHGLQWKHSUHVHQWVWXG\DQG
REWDLQHGE\%DWGRUIHWDO<DPDNLDQG<DPDNLDQG.RGDPDXVLQJ'RQQHOO¶VHTXDWLRQVDUH
SUHVHQWHGLQ7DEOHIRUVHOHFWHGYDOXHVRI%DWGRUI¶V=SDUDPHWHU LQWKHUDQJH
RI≤=≤VHHILJXUH7KHUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\LQ7DEOHZHUH
FRPSXWHGIRUDWKLFNQHVVK LQFKDQG5K 3UHGLFWHGYDOXHVRIWKHVKHDUEXFNOLQJ
FRHIILFLHQW REWDLQHGLQWKHSUHVHQWVWXG\DQGREWDLQHGE\%DUXFKHWDOXVLQJ
'RQQHOO¶VHTXDWLRQVDUHSUHVHQWHGLQ7DEOHIRUVHOHFWHGYDOXHVRI≤/5≤DQG≤
5K≤)RUERWKWDEOHVWKHUHVXOWVRIWKHSUHVHQWVWXG\DUHEDVHGRQWKHDSSUR[LPDWHWKUHH
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,QDGGLWLRQWKHDSSUR[LPDWHWKUHHWHUP5D\OHLJK5LW]VROXWLRQSUHVHQWHGKHUHLQJLYHVWKH
VDPHUHVXOWREWDLQHGE\7LPRVKHQNRDQG*HUHVHHSIRUDQLQILQLWHO\ORQJSODWH= 

σ[FU    − ν
(K
5  
T

σ∗[
FU
σ(XOHU
FU
σ∗[
FU
σ(XOHU
FU  /5
K
5
  T
π
   − ν − /5
 K
5 T
5
K T
1[\FU /
π
'
=  /

5K  − ν

1[\FU 5
'

8QLIRUPK\GURVWDWLFSUHVVXUHDQGWRUVLRQORDGV3UHGLFWHGYDOXHVRIWKHQRQGLPHQVLRQDO
EXFNOLQJSUHVVXUH REWDLQHGLQWKHSUHVHQWVWXG\DQGREWDLQHGE\)DQHWDOE\XVLQJ
'RQQHOO¶VDQG)OJJH¶VHTXDWLRQVDUHSUHVHQWHGLQ7DEOHIRU5K DQGVHOHFWHGYDOXHVRI
≤/5≤7KHUHVXOWVEDVHGRQ'RQQHOO¶VHTXDWLRQVDUHIRUGHDGK\GURVWDWLFSUHVVXUHDQG
WKHUHVXOWVEDVHGRQ)OJJH¶VDQG6DQGHUV¶HTXDWLRQVDUHIRUOLYHK\GURVWDWLFSUHVVXUH,QDGGLWLRQ
WKHUHVXOWVRIWKHSUHVHQWVWXG\DUHEDVHGRQWKHDSSUR[LPDWHWKUHHSDUDPHWHU5D\OHLJK5LW]
VROXWLRQJLYHQE\HTXDWLRQV7KHUHVXOWVREWDLQHGE\)DQHWDODUHEDVHGRQDQH[DFW
VROXWLRQRIWKHGLIIHUHQWLDOHTXDWLRQVJRYHUQLQJWKHEHKDYLRU
7KHUHVXOWVLQ7DEOHLQGLFDWHWKDWWKHGLIIHUHQFHVEHWZHHQWKHEXFNOLQJSUHVVXUHVREWDLQHG
KHUHLQE\XVLQJ6DQGHUV¶HTXDWLRQVDQGREWDLQHGE\)DQHWDOE\XVLQJ)OJJH¶VHTXDWLRQVDUH
OHVVWKDWDQGWKHGLIIHUHQFHVGHFUHDVHWRDERXWDV/5LQFUHDVHVWRDYDOXHRI
/LNHZLVHWKHEXFNOLQJSUHVVXUHVREWDLQHGKHUHLQDQGE\)DQHWDOE\XVLQJ'RQQHOO¶VHTXDWLRQV
DUHOHVVWKDWDQGWKHGLIIHUHQFHVGHFUHDVHWRDERXWDV/5LQFUHDVHVWRDYDOXHRI
7KHUHVXOWVRIWKHSUHVHQWVWXG\VKRZQLQ7DEOHDOVRLQGLFDWHWKDWQHJOHFWLQJQRQOLQHDUURWDWLRQV
DERXWWKHQRUPDOLQ6DQGHUV¶HTXDWLRQVSURGXFHVGLIIHUHQFHVLQWKHEXFNOLQJORDGVRIOHVVWKDQ
,QFRQWUDVWWKHGLIIHUHQFHVEHWZHHQWKHUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVDQG
'RQQHOO¶VHTXDWLRQVLQWKHSUHVHQWVWXG\UDQJHIURPOHVVWKDQDW/5 WROHVVWKDQDERXW
DW/5 )RU/5 WKHGLIIHUHQFHLVDERXW7KHFRUUHVSRQGLQJGLIIHUHQFHV
EHWZHHQWKHUHVXOWVRI)DQHWDOREWDLQHGE\XVLQJ)OJJH¶VDQG'RQQHOO¶VHTXDWLRQVDUHQHDUO\
LGHQWLFDOWRWKRVHREWDLQHGLQWKHSUHVHQWVWXG\$OWRJHWKHUWKHUHVXOWVRI7DEOHVLQGLFDWH
WKDWWKHDSSUR[LPDWHWKUHHSDUDPHWHU5D\OHLJK5LW]VROXWLRQSUHVHQWHGKHUHLQPD\EHPXFKPRUH
DSSOLFDEOHWRLVRWURSLFF\OLQGHUVVXEMHFWHGWRFRPELQHGK\GURVWDWLFSUHVVXUHDQGWRUVLRQWKDQWR
F\OLQGHUVVXEMHFWHGWRSXUHWRUVLRQORDGV
6WLIIHQHG,VRWURSLF&\OLQGHUV
$[LDOFRPSUHVVLRQORDGV&RPSDULVRQVIRUVWLIIHQHGLVRWURSLFF\OLQGHUVVXEMHFWHGWR
XQLIRUPD[LDOFRPSUHVVLRQDUHSUHVHQWHGLQ7DEOHV,QSDUWLFXODUWKHUHVXOWVLQ7DEOHV
DQGVKRZWKHSUHGLFWHGYDOXHVRIWKHQRQGLPHQVLRQDOEXFNOLQJORDG REWDLQHGE\%ORFN
&DUGDQG0LNXODVDQGREWDLQHGLQWKHSUHVHQWVWXG\IRUULQJDQGVWULQJHUVWLIIHQHGF\OLQGHUVDQG
VWULQJHUVWLIIHQHGF\OLQGHUVUHVSHFWLYHO\ZLWKDF\OLQGHUUDGLXV5 LQFKHVZDOOWKLFNQHVV
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GUGLYLGHGE\WKHF\OLQGHUUDGLXV7KHUHVXOWVLQ7DEOHDUHIRUF\OLQGHUVZLWKHLWKHULQWHUQDORU
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UHVSHFWLYHO\SUHVHQWHGLQWKHWDEOHV7KHULQJVKDYHDQ,VKDSHGFURVVVHFWLRQILJXUHDZLWK
DQDUHD$U LQDFHQWURLGDOPRPHQWRILQHUWLD,U LQDQGDWRUVLRQFRQVWDQW-U 
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WKHQRQGLPHQVLRQDOEXFNOLQJORDGVREWDLQHGLQWKHSUHVHQWVWXG\DQGE\%ORFN&DUGDQG0LNXODV
E\XVLQJ'RQQHOO¶VHTXDWLRQVDUHLGHQWLFDOZLWKWKUHHH[FHSWLRQV'LIIHUHQFHVRIDSSUR[LPDWHO\
DQGDUHH[KLELWHGE\WKHUHVXOWVIRUWKHF\OLQGHUVZLWKH[WHUQDOULQJVDQG
H[WHUQDOVWULQJHUVIRUGU5 DQGUHVSHFWLYHO\7KHUHVXOWVREWDLQHGLQWKHSUHVHQW
VWXG\E\XVLQJ6DQGHUV¶HTXDWLRQVLQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKH
QRUPDOSURGXFHVGLIIHUHQFHVWKDWDUHDWPRVW,QDGGLWLRQGLIIHUHQFHVLQSUHGLFWLRQVEDVHG
RQ6DQGHUV¶DQG'RQQHOO¶VHTXDWLRQVDUHIRUWKHPRVWSDUWOHVVWKDQ'LIIHUHQFHVRIDERXW
DUHQRWHGIRUWKHF\OLQGHUVZLWKLQWHUQDOULQJVDQGLQWHUQDOVWULQJHUVIRUGU5 DQG
7KHUHVXOWVSUHVHQWHGLQ7DEOHIRUWKHVWULQJHUVWLIIHQHGF\OLQGHUVLQGLFDWHWKDWWKH
QRQGLPHQVLRQDOEXFNOLQJORDGVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQUHIHUHQFHXVLQJ'RQQHOO¶V
HTXDWLRQVDUHDOVRLGHQWLFDOIRUWKHPRVWSDUWDQGWKDWWKHGLIIHUHQFHVWKDWH[LVWDUHOHVVWKDQ
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SUHGLFWHGLQWKHSUHVHQWHGVWXG\DQGLQUHIHUHQFH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F\OLQGHUVZLWKLQWHUQDOULQJVWKHUHVXOWVLQGLFDWHGLIIHUHQFHVEHWZHHQWKHQRQGLPHQVLRQDO
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5HVXOWVIRUWKHVDPHF\OLQGHUREWDLQHGLQWKHSUHVHQWVWXG\DQGE\&DUGDQG-RQHVDUHSUHVHQWHG
LQ7DEOH7KHVHUHVXOWVDUHEDVHGRQWKHPRUHH[DFWH[SUHVVLRQIRUWKHWRUVLRQFRQVWDQWJLYHQ
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7KHUHVXOWVSUHVHQWHGLQ7DEOHLQGLFDWHWKDWWKHEXFNOLQJORDGVREWDLQHGLQWKHSUHVHQW
VWXG\DQGLQUHIHUHQFHE\XVLQJ'RQQHOO¶VHTXDWLRQVGLIIHUE\DERXW,QDGGLWLRQWKHUHVXOWV
SUHVHQWHGLQUHIHUHQFHREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVVKRZWKDWQHJOHFWLQJWKH
WRUVLRQDOVWLIIQHVVRIWKHVWULQJHUV\LHOGVEXFNOLQJUHVLVWDQFHSUHGLFWLRQVWKDWDUHEHWZHHQDQG
ORZHUIRUWKHF\OLQGHUVZLWKH[WHUQDOVWULQJHUVDQGEHWZHHQDQGORZHUIRUWKH
F\OLQGHUVZLWKLQWHUQDOVWULQJHUV&RUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\SUHGLFW
QHDUO\WKHVDPHUHGXFWLRQVLQEXFNOLQJUHVLVWDQFHDVVRFLDWHGZLWKQHJOHFWLQJWKHWRUVLRQDOVWLIIQHVV
RIWKHVWULQJHUVDQGDVLPLODUWUHQGLVLQGLFDWHGLQUHIHUHQFH7KHUHVXOWVLQ7DEOHREWDLQHG
LQWKHSUHVHQWVWXG\E\XVLQJ6DQGHUV¶HTXDWLRQVDQGREWDLQHGE\+HGJHSHWKDQG+DOOE\XVLQJD
YDULDQWRI6DQGHUV¶HTXDWLRQVVKRZGLIIHUHQFHVRIDERXWDQGIRUWKHF\OLQGHUVZLWK
H[WHUQDOVWULQJHUVDQGOHQJWKVHTXDOWRLQDQGLQUHVSHFWLYHO\0RUHRYHUGLIIHUHQFHVRI
DERXWDQGDUHH[KLELWHGE\WKHF\OLQGHUVZLWKLQWHUQDOVWULQJHUVDQGOHQJWKVHTXDOWR
LQDQGLQUHVSHFWLYHO\7KHUHVXOWVLQ7DEOHREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ
6DQGHUV¶HTXDWLRQVLQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOSURGXFHV
GLIIHUHQFHVEHWZHHQDSSUR[LPDWHO\6LPLODUO\GLIIHUHQFHVLQWKHSUHGLFWLRQVEDVHGRQ
6DQGHUV¶DQG'RQQHOO¶VHTXDWLRQVDUHEHWZHHQDQG
7KHUHVXOWVLQ7DEOHIRUWKHPRUHDFFXUDWHUHSUHVHQWDWLRQRIWKHWRUVLRQDOVWLIIQHVVRIWKH
VWULQJHUVVKRZGLIIHUHQFHVRIOHVVWKDQLQWKHFRUUHVSRQGLQJEXFNOLQJORDGVREWDLQHGE\
&DUGDQG-RQHVDQGLQWKHSUHVHQWVWXG\E\XVLQJ'RQQHOO¶VHTXDWLRQV7KHUHVXOWVLQWKLVWDEOH
REWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ6DQGHUV¶HTXDWLRQVLQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDU
URWDWLRQVDERXWWKHQRUPDODOVRSURGXFHVGLIIHUHQFHVEHWZHHQDSSUR[LPDWHO\6LPLODUO\
GLIIHUHQFHVLQWKHSUHGLFWLRQVEDVHGRQ6DQGHUV¶DQG'RQQHOO¶VHTXDWLRQVDUHEHWZHHQDQG
5HVXOWVDUHSUHVHQWHGLQ7DEOHVDQGWKDWVKRZWKHSUHGLFWHGYDOXHVRIWKHEXFNOLQJORDG
REWDLQHGE\+HGJHSHWKDQG+DOOE\&DUGDQG-RQHVDQGREWDLQHGLQWKHSUHVHQWVWXG\IRU
WKHF\OLQGHUVZLWKHLWKHULQWHUQDORUH[WHUQDO=VKDSHGVWULQJHUVWKDWZHUHRULJLQDOO\VWXGLHG
E\3HWHUVRQDQG'RZDQGE\&DUG7KHF\OLQGHULVVKRZQLQDEXFNOHGIRUPLQILJXUH7KH
UHVXOWVREWDLQHGLQUHIHUHQFHDUHDOVREDVHGRQDYDULDQWRI6DQGHUV¶HTXDWLRQVLQZKLFKFHUWDLQ
QRQOLQHDUWHUPVLQWKHHTXLOLEULXPHTXDWLRQVDUHQHJOHFWHG7KHUHVXOWVREWDLQHGLQUHIHUHQFH
DUHEDVHGRQ'RQQHOO¶VHTXDWLRQV5HVXOWVREWDLQHGLQWKHSUHVHQWVWXG\LQFOXGHUHVXOWVWKDWVKRZ
WKHHIIHFWVRIQHJOHFWLQJWKHWRUVLRQDOVWLIIQHVVRIWKHVWULQJHUV-V (DFKF\OLQGHUKDVDVWULQJHU
VSDFLQJLVJLYHQE\GV LQD<RXQJ¶VPRGXOXV( xSVLDQGD3RLVVRQ¶VUDWLRν
 7KHUHVXOWVLQ7DEOHDUHEDVHGRQDF\OLQGHUUDGLXV5 LQDQGDOHQJWK/ 
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LQDQGVHYHUDOF\OLQGHUZDOOWKLFNQHVVHVKWKDWDUHSUHVHQWHGLQWKHWDEOH7KLVUDGLXVZDV
LQLWLDOO\UHSRUWHGE\&DUGDQGLVVOLJKWO\GLIIHUHQWIURPWKHUDGLXV5 LQXVHGLQ7DEOH
DQGUHSRUWHGODWHUE\&DUGDQG-RQHV(DFKVWULQJHUKDVDGHSWK'V LQDZDOOWKLFNQHVV
KV LQDQGIODQJHWKLFNQHVVHVZI LQDQGZI LQDVVKRZQLQWKHILJXUH
7KHVWULQJHUHFFHQWULFLWLHVDUHJLYHQE\WKHYDOXHVRIHVLQGLFDWHGLQWKHWDEOHV,QWKHSUHVHQW
VWXG\WKHVWULQJHUDUHDZDVFDOFXODWHGE\XVLQJ
 D
DQGWKHVWULQJHUHFFHQWULFLW\VKRZQLQILJXUHZDVREWDLQHGE\XVLQJ
 E
ZKHUHWKHSOXVDQGPLQXVVLJQVLQIURQWRIWKHEUDFNHWFRUUHVSRQGWRH[WHUQDODQGLQWHUQDO
VWULQJHUVUHVSHFWLYHO\6LPLODUO\WKHFHQWURLGDOPRPHQWRILQHUWLDZDVFDOFXODWHGE\XVLQJ
 F
DQGWKHWRUVLRQFRQVWDQWXVHGIRUHDFKVWULQJHULVJLYHQE\
 G
7KHUHVXOWVLQ7DEOHWKDWZHUHREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ6DQGHUV¶HTXDWLRQV
DQGREWDLQHGE\+HGJHSHWKDQG+DOOE\XVLQJYDULDQWRI6DQGHUV¶HTXDWLRQVVKRZDGLIIHUHQFHLQ
SUHGLFWHGEXFNOLQJORDGVRIDSSUR[LPDWHO\DQGIRUWKHF\OLQGHUVZLWKLQWHUQDODQG
H[WHUQDO=VKDSHGVWULQJHUVUHVSHFWLYHO\7KHUHVXOWVRIWKHSUHVHQWVWXG\REWDLQHGE\XVLQJ
6DQGHUV¶HTXDWLRQVLQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDO\LHOGV
GLIIHUHQFHVLQWKHEXFNOLQJORDGVRIDERXW&RUUHVSRQGLQJGLIIHUHQFHVLQUHVXOWVREWDLQHGIURP
6DQGHUV¶DQG'RQQHOO¶VHTXDWLRQVDUHSUHGLFWHGWREHDSSUR[LPDWHO\
7KHUHVXOWVLQ7DEOHVKRZGLIIHUHQFHVEHWZHHQDQGLQWKHEXFNOLQJORDGV
REWDLQHGLQWKHSUHVHQWVWXG\DQGLQUHIHUHQFHWKDWDUHEDVHGRQ'RQQHOO¶VHTXDWLRQV0RUHRYHU
UHGXFWLRQVLQWKHEXFNOLQJORDGVRIDERXWDUHSUHGLFWHGE\WKHUHVXOWVRIWKHSUHVHQWVWXG\
ZKHQWKHWRUVLRQDOVWLIIQHVVRIWKHVWULQJHUVLVQHJOHFWHG$FRUUHVSRQGLQJGLIIHUHQFHLVQRWHG
LQUHIHUHQFH7KHUHVXOWVRIWKHSUHVHQWVWXG\WKDWZHUHREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQV
LQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDO\LHOGVGLIIHUHQFHVLQWKHEXFNOLQJ
ORDGVWKDWDUHEHWZHHQDSSUR[LPDWHO\DQG6LPLODUO\WKHGLIIHUHQFHVEHWZHHQ
FRUUHVSRQGLQJEXFNOLQJORDGVREWDLQHGE\XVLQJ6DQGHUV¶DQG'RQQHOO¶VHTXDWLRQVUDQJHIURP
WR
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5HVXOWVDUHSUHVHQWHGLQ7DEOHVWKDWVKRZWKHSUHGLFWHGYDOXHVRIWKHEXFNOLQJ
FRHIILFLHQW REWDLQHGE\6LQJHU%DUXFKDQG+DUDULDQGREWDLQHGLQWKHSUHVHQWVWXG\
IRUJHQHULFVWULQJHUVWLIIHQHGLVRWURSLFF\OLQGHUVIRUDEURDGUDQJHRIF\OLQGHUJHRPHWULHV,Q
SDUWLFXODUUHVXOWVDUHJLYHQIRUOHQJWKWRUDGLXVUDWLRV≤/5≤DQGIRUUDGLXVWRWKLFNQHVV
UDWLRV≤5K≤7KHJHQHULFVWULQJHUSURSHUWLHVDUHJLYHQE\  DQG
-V ZKHUH$VLVWKHFURVVVHFWLRQDODUHDGVLVWKHVWULQJHUVSDFLQJ LVWKHFHQWURLGDOPRPHQW
RILQHUWLDDQG-VLVWKHWRUVLRQFRQVWDQW7KHUHVXOWVLQ7DEOHDUHIRUF\OLQGHUVZLWKVWULQJHUV
WKDWDUHFHQWUDOO\ORFDWHGVXFKWKDWWKHFHQWURLGRIWKHVWLIIHQHUFRLQFLGHVZLWKWKHPLGGOHVXUIDFH
RIWKHF\OLQGHU)RUWKLVFDVHWKHQRQGLPHQVLRQDOVWLIIHQHUHFFHQWULFLW\LVJLYHQE\HVK 7KH
UHVXOWVLQ7DEOHDUHIRUF\OLQGHUVZLWKH[WHUQDODQGLQWHUQDOVWULQJHUVUHVSHFWLYHO\ZLWKHVK 
DQGUHVSHFWLYHO\/LNHZLVHWKHUHVXOWVLQ7DEOHVDQGDUHIRUF\OLQGHUVZLWKHVK 
DQGDQGWKHUHVXOWVLQ7DEOHDUHIRUF\OLQGHUVZLWKHVK DQG,QWKHEXFNOLQJ
FRHIILFLHQWDSSHDULQJLQWKHWDEOHV LVWKHSULQFLSDOEHQGLQJVWLIIQHVVRIWKH
F\OLQGHUZDOO(LV<RXQJ¶VPRGXOXVDQGνLV3RLVVRQ¶VUDWLR$YDOXHRIν ZDVXVHGWR
JHQHUDWHWKHUHVXOWVVKRZQLQWKHWDEOHV
7KHUHVXOWVLQ7DEOHIRUWKHF\OLQGHUVZLWKFHQWUDOO\ORFDWHGVWULQJHUVVKRZGLIIHUHQFHV
OHVVWKDQDSSUR[LPDWHO\LQWKHEXFNOLQJORDGVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQ
UHIHUHQFHE\XVLQJ'RQQHOO¶VHTXDWLRQV7KHUHVXOWVRIWKHSUHVHQWVWXG\REWDLQHGE\XVLQJ
6DQGHUV¶HTXDWLRQVLQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDO\LHOGV
GLIIHUHQFHVLQWKHEXFNOLQJORDGVWKDWDUHEHWZHHQDSSUR[LPDWHO\DQG6LPLODUO\WKH
GLIIHUHQFHVEHWZHHQFRUUHVSRQGLQJEXFNOLQJORDGVREWDLQHGE\XVLQJ6DQGHUV¶DQG'RQQHOO¶V
HTXDWLRQVUDQJHIURPWR
7KHUHVXOWVLQ7DEOHIRUWKHF\OLQGHUVZLWKH[WHUQDOVWULQJHUVHVK VKRZGLIIHUHQFHV
OHVVWKDQDSSUR[LPDWHO\LQWKHEXFNOLQJORDGVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQ
UHIHUHQFHE\XVLQJ'RQQHOO¶VHTXDWLRQV7KHUHVXOWVRIWKHSUHVHQWVWXG\REWDLQHGE\XVLQJ
6DQGHUV¶HTXDWLRQVLQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDO\LHOGVVPDOO
GLIIHUHQFHVLQWKHEXFNOLQJORDGVWKDWDUHEHWZHHQDSSUR[LPDWHO\DQG6LPLODUO\WKH
UHVXOWVDOVRVKRZWKDWWKHGLIIHUHQFHVEHWZHHQFRUUHVSRQGLQJEXFNOLQJORDGVREWDLQHGE\XVLQJ
6DQGHUV¶DQG'RQQHOO¶VHTXDWLRQVUDQJHIURPWRDERXW
7KHUHVXOWVLQ7DEOHIRUWKHF\OLQGHUVZLWKLQWHUQDOVWULQJHUVHVK VKRZGLIIHUHQFHV
OHVVWKDQDSSUR[LPDWHO\LQWKHEXFNOLQJORDGVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQ
UHIHUHQFHE\XVLQJ'RQQHOO¶VHTXDWLRQV0RUHRYHUWKHGLIIHUHQFHVLQEXFNOLQJFRHIILFLHQWVWKDW
UHVXOWIURPQHJOHFWLQJQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOLQ6DQGHUV¶HTXDWLRQVUDQJHEHWZHHQ
DERXWDQGDQGWKHGLIIHUHQFHVEHWZHHQWKHUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶DQG
'RQQHOO¶VHTXDWLRQVUDQJHIURPWRDERXW
7KHUHVXOWVLQ7DEOHIRUWKHF\OLQGHUVZLWKH[WHUQDOVWULQJHUVHVK VKRZGLIIHUHQFHV
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OHVVWKDQDSSUR[LPDWHO\LQWKHEXFNOLQJORDGVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQ
UHIHUHQFHE\XVLQJ'RQQHOO¶VHTXDWLRQV)RUPDQ\RIWKHFDVHVWKHUHVXOWVREWDLQHGKHUHLQDQG
LQUHIHUHQFHDUHLGHQWLFDO7KHUHVXOWVRIWKHSUHVHQWVWXG\REWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQV
LQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDO\LHOGVGLIIHUHQFHVLQWKHEXFNOLQJ
ORDGVWKDWDUHEHWZHHQDSSUR[LPDWHO\DQG0RUHVSHFLILFDOO\IRUWKHUHODWLYHO\VKRUW
WKLFNF\OLQGHUZLWK/5 DQG5K WKHGLIIHUHQFHLVDERXW,QFRQWUDVWWKHF\OLQGHUV
ZLWK≤/5≤DQG≤5K≤H[KLELWGLIIHUHQFHVLQEXFNOLQJORDGVOHVVWKDQ
6LPLODUO\WKHF\OLQGHUVZLWK/5 DQGDQGZLWK≤5K≤H[KLELWGLIIHUHQFHV
EHWZHHQDQG7KHORQJHUF\OLQGHUVFRQVLGHUHGZLWK≤/5≤DQG≤5K≤
H[KLELWGLIIHUHQFHVEHWZHHQDQG
7KHUHVXOWVLQ7DEOHDOVRVKRZWKDWWKHGLIIHUHQFHVEHWZHHQFRUUHVSRQGLQJEXFNOLQJORDGV
REWDLQHGE\XVLQJ6DQGHUV¶DQG'RQQHOO¶VHTXDWLRQVUDQJHIURPWRDERXW,QSDUWLFXODU
WKHUHODWLYHO\VKRUWWKLFNF\OLQGHUZLWK/5 DQG5K H[KLELWVDGLIIHUHQFHRIDERXW
7KHF\OLQGHUVZLWK≤/5≤DQG≤5K≤H[KLELWGLIIHUHQFHVLQEXFNOLQJORDGV
OHVVWKDQ6LPLODUO\WKHF\OLQGHUVZLWK/5 DQGDQGZLWK≤5K≤H[KLELW
GLIIHUHQFHVEHWZHHQDQG7KHORQJHUF\OLQGHUVZLWK≤/5≤DQG≤5K≤
H[KLELWGLIIHUHQFHVEHWZHHQDQG
7KHUHVXOWVLQ7DEOHIRUWKHF\OLQGHUVZLWKLQWHUQDOVWULQJHUVHVK VKRZGLIIHUHQFHV
OHVVWKDQDSSUR[LPDWHO\LQWKHEXFNOLQJORDGVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQUHIHUHQFH
E\XVLQJ'RQQHOO¶VHTXDWLRQV/LNHIRUWKHF\OLQGHUVZLWKH[WHUQDOVWULQJHUVPDQ\RIWKHUHVXOWV
REWDLQHGKHUHLQDQGLQUHIHUHQFHDUHLGHQWLFDO7KHUHVXOWVRIWKHSUHVHQWVWXG\REWDLQHGE\
XVLQJ6DQGHUV¶HTXDWLRQVLQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDO\LHOGV
GLIIHUHQFHVLQWKHEXFNOLQJORDGVWKDWDUHEHWZHHQDSSUR[LPDWHO\DQGIRUWKHYHU\
EURDGUDQJHRIF\OLQGHUJHRPHWULHVFRQVLGHUHG)RUWKHUHODWLYHO\VKRUWWKLFNF\OLQGHUVZLWK/5
 DQGDQGZLWK5K WKHGLIIHUHQFHVDUHDERXWDQGUHVSHFWLYHO\,Q
FRQWUDVWWKHF\OLQGHUVZLWK≤/5≤DQG≤5K≤H[KLELWGLIIHUHQFHVLQEXFNOLQJ
ORDGVWKDWUDQJHIURPWR6LPLODUO\WKHF\OLQGHUVZLWK/5 DQGDQGZLWK≤5
K≤H[KLELWGLIIHUHQFHVEHWZHHQDERXWDQG7KHORQJHUF\OLQGHUVFRQVLGHUHGZLWK
≤/5≤DQG≤5K≤H[KLELWGLIIHUHQFHVEHWZHHQDQG
7KHUHVXOWVLQ7DEOHDOVRVKRZWKDWWKHGLIIHUHQFHVEHWZHHQFRUUHVSRQGLQJEXFNOLQJORDGV
REWDLQHGE\XVLQJ6DQGHUV¶DQG'RQQHOO¶VHTXDWLRQVUDQJHIURPWRDERXW)RUWKH
UHODWLYHO\VKRUWWKLFNF\OLQGHUVZLWK/5 DQGDQGZLWK5K GLIIHUHQFHVRIDERXW
DQGDUHSUHGLFWHGUHVSHFWLYHO\7KHF\OLQGHUVZLWK≤/5≤DQG≤5K≤
H[KLELWGLIIHUHQFHVLQEXFNOLQJORDGVEHWZHHQDERXWDQGZLWKWKHWKLFNHUF\OLQGHUV
H[KLELWLQJWKHODUJHUGLIIHUHQFHV6LPLODUO\WKHF\OLQGHUVZLWK/5 DQGDQGZLWK≤5
K≤H[KLELWGLIIHUHQFHVEHWZHHQDQGZLWKWKHWKLFNHUF\OLQGHUVDOVRH[KLELWLQJWKH
ODUJHUGLIIHUHQFHV7KHORQJHUF\OLQGHUVZLWK≤/5≤DQG≤5K≤H[KLELWGLIIHUHQFHV
EHWZHHQDQG
7KHUHVXOWVLQ7DEOHIRUWKHF\OLQGHUVZLWKH[WHUQDOVWULQJHUVHVK VKRZ
GLIIHUHQFHVOHVVWKDQDSSUR[LPDWHO\LQWKHEXFNOLQJORDGVREWDLQHGLQWKHSUHVHQWVWXG\DQG
LQUHIHUHQFHE\XVLQJ'RQQHOO¶VHTXDWLRQV7KHUHVXOWVRIWKHSUHVHQWVWXG\REWDLQHGE\XVLQJ
6DQGHUV¶HTXDWLRQVLQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDO\LHOGV

GLIIHUHQFHVLQWKHEXFNOLQJORDGVWKDWDUHOHVVWKDQDSSUR[LPDWHO\0RUHRYHUIRUWKHF\OLQGHUV
ZLWK/5 DQGWKHGLIIHUHQFHVDUHOHVVWKDQDERXW7KHUHVXOWVLQ7DEOHDOVRVKRZ
WKDWWKHGLIIHUHQFHVEHWZHHQFRUUHVSRQGLQJEXFNOLQJORDGVREWDLQHGE\XVLQJ6DQGHUV¶DQG
'RQQHOO¶VHTXDWLRQVUDQJHIURPWRDERXWZLWKGLIIHUHQFHVOHVVWKDQIRUWKH
F\OLQGHUVZLWK/5 DQG
7KHUHVXOWVLQ7DEOHIRUWKHF\OLQGHUVZLWKLQWHUQDOVWULQJHUVHVK DOVRVKRZYHU\
VPDOOGLIIHUHQFHVOHVVWKDQDSSUR[LPDWHO\LQWKHEXFNOLQJORDGVREWDLQHGLQWKHSUHVHQW
VWXG\DQGLQUHIHUHQFHE\XVLQJ'RQQHOO¶VHTXDWLRQV,QDGGLWLRQWKHUHVXOWVREWDLQHGKHUHLQ
SUHGLFWGLIIHUHQFHVEHWZHHQDQGLIWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDODUH
QHJOHFWHG6LPLODUO\XVLQJ'RQQHOO¶VHTXDWLRQVLQVWHDGRI6DQGHUVHTXDWLRQVSURGXFHVEXFNOLQJ
FRHIILFLHQWGLIIHUHQFHVEHWZHHQDQG
5HVXOWVIRUFDVHVVLPLODUWRWKRVHSUHVHQWHGLQ7DEOHVHVK DQGHVK IRU
F\OLQGHUVZLWK  DQG-V DUHSUHVHQWHGLQ7DEOHIRUVWULQJHUVWLIIHQHG
F\OLQGHUVZLWKDPXFKKLJKHUFHQWURLGDOPRPHQWRILQHUWLDIRUWKHVWULQJHUVJLYHQE\ 
6LPLODUUHVXOWVDUHSUHVHQWHGLQ7DEOHIRUF\OLQGHUVZLWK  DQG-V ,Q
WKHVHWZRWDEOHVYDOXHVRIWKHEXFNOLQJFRHIILFLHQW DUHSUHVHQWHGIRUF\OLQGHUJHRPHWULHV
WKDWLQFOXGH≤/5≤DQG≤5K≤7KHUHVXOWVLQ7DEOHVDQGIRUERWKWKH
F\OLQGHUVZLWKWKHVWLIIHUH[WHUQDOVWULQJHUVHVK DQGIRUWKHF\OLQGHUVZLWKWKHVWLIIHU
LQWHUQDOVWULQJHUVHVK VKRZGLIIHUHQFHVPXFKOHVVWKDQDSSUR[LPDWHO\LQWKHEXFNOLQJ
ORDGVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQUHIHUHQFHE\XVLQJ'RQQHOO¶VHTXDWLRQV,QDGGLWLRQ
WKHUHVXOWVREWDLQHGKHUHLQSUHGLFWGLIIHUHQFHVOHVVWKDQDQGPRVWO\OHVVWKDQLIQRQOLQHDU
URWDWLRQVDERXWWKHQRUPDODUHQHJOHFWHGLQWKHDQDO\VLVRIWKHF\OLQGHUVZLWKH[WHUQDODQGLQWHUQDO
VWLIIHQHUVUHVSHFWLYHO\7KHODUJHVWGLIIHUHQFHLVOHVVWKDQZKHQQRQOLQHDUURWDWLRQVDERXWWKH
QRUPDODUHQHJOHFWHGLQWKHDQDO\VLVRIWKHF\OLQGHUVZLWKLQWHUQDOVWLIIHQHUV6LPLODUO\XVLQJ
'RQQHOO¶VHTXDWLRQVLQVWHDGRI6DQGHUVHTXDWLRQVSURGXFHVEXFNOLQJFRHIILFLHQWGLIIHUHQFHVWKDW
DUHPRVWO\OHVVWKDQZLWKDPD[LPXPGLIIHUHQFHRIDSSUR[LPDWHO\
5HVXOWVDUHSUHVHQWHGLQ7DEOHIRUVKRUWVKHOOVZLWK/5 ≤5K≤ 
-V DQGZLWKUHODWLYHO\KLJKGHJUHHVRIVWLIIHQHUHFFHQWULFLW\JLYHQE\HVK DQG
/LNHZLVHUHVXOWVDUHSUHVHQWHGLQ7DEOHIRUVKRUWVKHOOVZLWK/5 5K DQG
 -V HVK DQGZLWK DQG7KHUHVXOWVLQWKHVHWZRWDEOHV
VKRZGLIIHUHQFHVOHVVWKDQLQWKHEXFNOLQJORDGVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQ
UHIHUHQFHE\XVLQJ'RQQHOO¶VHTXDWLRQVZLWKRQHPLQRUH[FHSWLRQWKDWH[KLELWVD
GLIIHUHQFHDQGWZRPDMRUH[FHSWLRQVWKDWH[KLELWYHU\ODUJHGLIIHUHQFHV6SHFLILFDOO\WKHUHVXOWV
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SUHVHQWHGLQUHIHUHQFHIRU DQGHVK DUHVLJQLILFDQWO\GLIIHUHQWIURPWKH
FRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\IRU5K +RZHYHUWKHFRUUHVSRQGLQJ
UHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\IRU5K DUHOHVVWKDQGLIIHUHQWIURPWKHUHVXOWV
RIUHIHUHQFH7KLVQHDUO\LGHQWLFDODJUHHPHQWVXJJHVWVWKHSUHVHQFHRIDW\SRJUDSKLFDOHUURULQ
UHIHUHQFH7KHUHVXOWVREWDLQHGKHUHLQWKDWDUHJLYHQLQ7DEOHVDQGDOVRSUHGLFW
GLIIHUHQFHVOHVVWKDQZKHQWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDODUHQHJOHFWHGLQWKHXVH
RI6DQGHUV¶HTXDWLRQV6LPLODUO\XVLQJ'RQQHOO¶VHTXDWLRQVLQVWHDGRI6DQGHUVHTXDWLRQV
SURGXFHVEXFNOLQJFRHIILFLHQWGLIIHUHQFHVWKDWDUHOHVVWKDQ
5HVXOWVDUHSUHVHQWHGLQ7DEOHIRUVKHOOVZLWK/5 DQG5K /5 DQG
5K DQG/5 DQG5K )RUHDFKFDVHWKHVWULQJHUHFFHQWULFLW\YDULHVDFFRUGLQJ
WR≤HVK≤DQGWKHVWULQJHUSURSHUWLHVDUHIL[HGDW  DQG-V 7KHVH
UHVXOWVVKRZGLIIHUHQFHVOHVVWKDQLQWKHEXFNOLQJORDGVREWDLQHGLQWKHSUHVHQWVWXG\DQG
LQUHIHUHQFHE\XVLQJ'RQQHOO¶VHTXDWLRQV7KHUHVXOWVREWDLQHGKHUHLQWKDWDUHJLYHQLQ7DEOH
SUHGLFWGLIIHUHQFHVOHVVWKDQDQGPRVWO\OHVVWKDQZKHQWKHQRQOLQHDUURWDWLRQVDERXW
WKHQRUPDODUHQHJOHFWHGLQWKHXVHRI6DQGHUV¶HTXDWLRQV6LPLODUO\XVLQJ'RQQHOO¶VHTXDWLRQV
LQVWHDGRI6DQGHUV¶HTXDWLRQVSURGXFHVEXFNOLQJFRHIILFLHQWGLIIHUHQFHVWKDWDUHOHVVWKDQ
5HVXOWVDUHSUHVHQWHGLQ7DEOHVDQGIRUVKHOOVZLWK/5 DQG5K /5 
DQG5K DQG/5 DQG5K DQGZLWKWKHVWULQJHUHFFHQWULFLWLHVHVK DQG
UHVSHFWLYHO\)RUHDFKFDVHWKHVWULQJHUSURSHUWLHVDUHIL[HGDW DQG-V DQGWKH
VWULQJHUDUHDYDULHVDFFRUGLQJWR 6LPLODUUHVXOWVDUHSUHVHQWHGLQ7DEOHVDQG
LQZKLFKWKHVWULQJHUSURSHUWLHVDUHIL[HGDW DQG-V DQGWKHVWULQJHUPRPHQWRI
LQHUWLDYDULHVDFFRUGLQJWR 7KHVHUHVXOWVVKRZGLIIHUHQFHVOHVVWKDQDQGIRU
WKHPRVWSDUWPXFKVPDOOHULQWKHEXFNOLQJORDGVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQUHIHUHQFH
E\XVLQJ'RQQHOO¶VHTXDWLRQV7KHUHVXOWVREWDLQHGKHUHLQWKDWDUHJLYHQLQ7DEOHV
SUHGLFWGLIIHUHQFHVOHVVWKDQZKHQWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDODUHQHJOHFWHGLQ
WKHXVHRI6DQGHUV¶HTXDWLRQV6LPLODUO\XVLQJ'RQQHOO¶VHTXDWLRQVLQVWHDGRI6DQGHUV¶HTXDWLRQV
SURGXFHVEXFNOLQJFRHIILFLHQWGLIIHUHQFHVWKDWDUHOHVVWKDQ
5HVXOWVDUHSUHVHQWHGLQ7DEOHVDQGIRUVKHOOVZLWKWKHVWULQJHUHFFHQWULFLWLHVHVK 
DQGUHVSHFWLYHO\7KHVHUHVXOWVLQFOXGHFRPELQDWLRQVRI/5 DQGDQG5K 
DQG)RUHDFKFDVHWKHVWULQJHUSURSHUWLHVDUHIL[HGDW DQG 
DQGUHVXOWVDUHJLYHQIRUVHOHFWHGYDOXHRIWKHVWULQJHUWRUVLRQDOVWLIIQHVVSDUDPHWHU 
DQG7KHVHUHVXOWVDOVRVKRZGLIIHUHQFHVOHVVWKDQDQGIRUWKHPRVWSDUWPXFK
VPDOOHULQWKHEXFNOLQJORDGVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQUHIHUHQFHE\XVLQJ'RQQHOO¶V
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HTXDWLRQV7KHUHVXOWVREWDLQHGKHUHLQWKDWDUHJLYHQLQ7DEOHVDQGSUHGLFWGLIIHUHQFHVOHVV
WKDQZKHQWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDODUHQHJOHFWHGLQWKHXVHRI6DQGHUV¶
HTXDWLRQV6LPLODUO\XVLQJ'RQQHOO¶VHTXDWLRQVLQVWHDGRI6DQGHUV¶HTXDWLRQVSURGXFHVEXFNOLQJ
FRHIILFLHQWGLIIHUHQFHVWKDWDUHOHVVWKDQ
5HVXOWVIRUVKHOOVZLWKWKHVWULQJHUHFFHQWULFLWLHVHVK DQGDUHDOVRSUHVHQWHGLQ7DEOHV
DQGUHVSHFWLYHO\IRUYDOXHVRI3RLVVRQ¶VUDWLRν DQG7KHVHUHVXOWVLQFOXGH
VHOHFWHGFRPELQDWLRQVRI/5 DQGDQG5K DQG)RU
HDFKFDVHWKHVWULQJHUSURSHUWLHVDUHIL[HGDW  DQG-V 7KHVHUHVXOWVDOVR
VKRZGLIIHUHQFHVOHVVWKDQDQGIRUWKHPRVWSDUWPXFKVPDOOHULQWKHEXFNOLQJORDGV
REWDLQHGLQWKHSUHVHQWVWXG\DQGLQUHIHUHQFHE\XVLQJ'RQQHOO¶VHTXDWLRQVZLWKRQHH[FHSWLRQ
7KHUHVXOWVLQ7DEOHIRU/5 5K DQGν GLIIHUE\DERXW7KHUHVXOWV
REWDLQHGKHUHLQWKDWDUHJLYHQLQ7DEOHSUHGLFWGLIIHUHQFHVOHVVWKDQIRUWKHF\OLQGHUVZLWK
H[WHUQDOVWULQJHUVZKHQWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDODUHQHJOHFWHGLQWKHXVHRI
6DQGHUV¶HTXDWLRQV,QFRQWUDVWWKHUHVXOWVLQ7DEOHVKRZGLIIHUHQFHVXSWRIRUWKH
F\OLQGHUVZLWKLQWHUQDOVWULQJHUVZKHQWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDODUHQHJOHFWHG
6LPLODUO\XVLQJ'RQQHOO¶VHTXDWLRQVLQVWHDGRI6DQGHUV¶HTXDWLRQVSURGXFHVEXFNOLQJFRHIILFLHQW
GLIIHUHQFHVWKDWDUHOHVVWKDQIRUWKHF\OLQGHUVZLWKH[WHUQDOVWULQJHUVDQGXSWRIRUWKH
F\OLQGHUVZLWKLQWHUQDOVWULQJHUV
7DEOHVDQGVKRZWKHJHRPHWULFSDUDPHWHUVDQGSUHGLFWHGEXFNOLQJORDGVUHVSHFWLYHO\
REWDLQHGE\6LQJHU$UERF]DQG%DEFRFNDQGREWDLQHGLQWKHSUHVHQWVWXG\IRUULQJVWLIIHQHGDQG
VWULQJHUVWLIIHQHGLVRWURSLFF\OLQGHUV7KHF\OLQGHUVLGHQWLILHGZLWKWKHOHWWHU$DUHPDGHRI
DOXPLQXPZLWKD<RXQJ¶VPRGXOXV( xSVLDQGD3RLVVRQ¶VUDWLRν 7KHF\OLQGHUV
LGHQWLILHGZLWKWKHOHWWHUV%DUHPDGHRIEUDVVZLWKD<RXQJ¶VPRGXOXV( xSVLDQG
D3RLVVRQ¶VUDWLRν 7KHUHVXOWVLQFOXGHF\OLQGHUVZLWKOHQJWKWRUDGLXVUDWLRV≤/5≤
DQGUDGLXVWRWKLFNQHVVUDWLRV≤5K≤7KHJHQHULFVWULQJHUSURSHUWLHVJLYHQE\ 
DQG DQGWKHFRUUHVSRQGLQJULQJSURSHUWLHV DQG DUHDOVRJLYHQLQ7DEOHDORQJ
ZLWKWKHLUFRUUHVSRQGLQJHFFHQWULFLWLHVHVDQGHUQRUPDOL]HGE\WKHF\OLQGHUZDOOWKLFNQHVVK
$OORIWKHF\OLQGHUVKDYHH[WHUQDOVWLIIHQHUV,QWKHVWLIIHQHUSDUDPHWHUV$VLVWKHVWULQJHUFURVV
VHFWLRQDODUHDGVLVWKHVWULQJHUVSDFLQJ LVWKHVWULQJHUFHQWURLGDOPRPHQWRILQHUWLD/LNHZLVH
$ULVWKHULQJFURVVVHFWLRQDODUHDGULVWKHULQJVSDFLQJ LVWKHULQJFHQWURLGDOPRPHQWRI
LQHUWLD)RUDOOWKHUHVXOWVLQ7DEOHWKHWRUVLRQDOVWLIIQHVVHVRIWKHULQJVDQGVWULQJHUVKDYHEHHQ
QHJOHFWHG
7KHUHVXOWVLQ7DEOHVKRZGLIIHUHQFHVOHVVWKDQDQGIRUWKHPRVWSDUWPXFKVPDOOHU
LQWKHEXFNOLQJORDGVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQUHIHUHQFHE\XVLQJ'RQQHOO¶V
HTXDWLRQV,QDGGLWLRQWKHUHVXOWVSUHGLFWGLIIHUHQFHVOHVVWKDQZKHQWKHQRQOLQHDUURWDWLRQV
DERXWWKHQRUPDODUHQHJOHFWHGLQWKHXVHRI6DQGHUV¶HTXDWLRQV0RUHRYHUXVLQJ'RQQHOO¶V
HTXDWLRQVLQVWHDGRI6DQGHUV¶HTXDWLRQVSURGXFHVEXFNOLQJORDGGLIIHUHQFHVWKDWDUHOHVVWKDQ
,QPDQ\FDVHVQRGLIIHUHQFHVDUHH[KLELWHGE\WKHWKUHHVHWVRIUHVXOWV7KLVDWWULEXWHLVGXH
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WRWKHIDFWWKDWWKHWKUHHVHWVRIHTXDWLRQVXVHGWRFDOFXODWHWKHEXFNOLQJORDGVDUHLGHQWLFDOIRU
VKHOOVWKDWEXFNOHLQWRD[LV\PPHWULFPRGHVQ 
5HVXOWVDUHSUHVHQWHGLQ7DEOHVWKDWVKRZWKHSUHGLFWHGYDOXHVRIWKHEXFNOLQJ
FRHIILFLHQW REWDLQHGE\6LQJHU%DUXFKDQG+DUDULDQGREWDLQHGLQWKHSUHVHQWVWXG\
IRUUHODWLYHO\VKRUWJHQHULFULQJVWLIIHQHGLVRWURSLFF\OLQGHUVZLWK/5 D<RXQJ¶VPRGXOXV
( xSVLDQGD3RLVVRQ¶VUDWLRν ,Q7DEOHUHVXOWVDUHJLYHQIRU5K 
-V  DQGDQGHUK 7KHVHUHVXOWVVKRZWKDWWKHEXFNOLQJORDGV
REWDLQHGLQWKHSUHVHQWVWXG\DQGLQUHIHUHQFHVDQGE\XVLQJ'RQQHOO¶VHTXDWLRQVDUH
LQGHQWLFDO0RUHRYHUFRUUHVSRQGLQJUHVXOWVZHUHREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ6DQGHUV¶
HTXDWLRQVZLWKDQGZLWKRXWQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOWKDWGLIIHUE\DWPRVWIURP
WKRVHVKRZQLQ7DEOH,Q7DEOHUHVXOWVDUHJLYHQIRU5K  -V HUK 
DQG≤ ≤7KLVWDEOHDOVRVKRZVFRPSOHWHDJUHHPHQWEHWZHHQWKHUHVXOWVRIUHIHUHQFHV
DQGDQGWKHSUHVHQWVWXG\ZKLFKDUHEDVHGRQ'RQQHOO¶VHTXDWLRQVDQGWKHVHUHVXOWVDOVR
GLIIHUE\OHVVWKDQIURPWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQV
ZLWKDQGZLWKRXWQRQOLQHDUURWDWLRQVDERXWWKHQRUPDO,Q7DEOHUHVXOWVDUHJLYHQIRU
-V HUK DQG≤5K≤7KLVWDEOHDOVRVKRZVGLIIHUHQFHV
EHWZHHQWKHUHVXOWVRIUHIHUHQFHVDQGDQGWKHSUHVHQWVWXG\ZKLFKDUHEDVHGRQ'RQQHOO¶V
HTXDWLRQVWKDWDUHDWPRVWIRU5K DQGHUK DQGOHVVWKDQRWKHUZLVH7KHVH
UHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ'RQQHOO¶VHTXDWLRQVDOVRGLIIHUE\OHVVWKDQIURP
WKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKDQGZLWKRXWQRQOLQHDU
URWDWLRQVDERXWWKHQRUPDO
7KHGLIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFHSUHGLFWLRQVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ
'RQQHOO¶VHTXDWLRQV6DQGHUV¶HTXDWLRQVDQG6DQGHUV¶HTXDWLRQVZLWKQRQOLQHDUURWDWLRQVDERXW
WKHQRUPDOQHJOHFWHGDUHLOOXVWUDWHGLQILJXUHVIRUVWULQJHUVWLIIHQHGDQGIRUULQJVWLIIHQHG
F\OLQGHUVZLWKUDGLXVWRWKLFNQHVVUDWLRV5K DQGZLWK3RLVVRQ¶VUDWLRν DQGZLWK
<RXQJ¶VPRGXOXV( xSVL7KHEXFNOLQJUHVLVWDQFHLVPHDVXUHGE\WKHQRQGLPHQVLRQDO
FRHIILFLHQW IRUYDOXHVRI≤/5≤ZKHUH LVWKHSULQFLSDOVKHOOZDOO
EHQGLQJVWLIIQHVV3DUDPHWHUVWKDWDUHXVHGWRUHSUHVHQWWKHUHVXOWVLQWKHVHILJXUHVDUHREWDLQHGE\
H[SUHVVLQJHTXDWLRQVDV
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ZKHUH LVWKHSULQFLSDOPHPEUDQHVWLIIQHVVRIWKHVKHOOZDOO7KXV DQG DUH
WKHUDWLRVRIWKHVPHDUHGVWULQJHUDQGVPHDUHGULQJPHPEUDQHVWLIIQHVVHVWRWKHSULQFLSDO
PHPEUDQHVWLIIQHVVRIWKHVKHOOZDOOUHVSHFWLYHO\/LNHZLVH DQG DUHWKHUDWLRVRIWKH
VPHDUHGVWULQJHUDQGVPHDUHGULQJEHQGLQJVWLIIQHVVHVWRWKHSULQFLSDOEHQGLQJVWLIIQHVVRIWKH
VKHOOZDOOUHVSHFWLYHO\0RUHRYHU DQG DUHWKHUDWLRVRIWKHVPHDUHG
VWULQJHUDQGVPHDUHGULQJWZLVWLQJVWLIIQHVVHVWRWKHWZLVWLQJVWLIIQHVVRIWKHVKHOOZDOO
UHVSHFWLYHO\7KHSDUDPHWHUV DQG DUHWKHQRUPDOL]HGVWULQJHUDQGULQJHFFHQWULFLWLHV
UHVSHFWLYHO\
7KHUHGFXUYHVLQILJXUHVFRUUHVSRQGVWRUHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQV
7KHEODFNDQGWKHEOXHFXUYHVFRUUHVSRQGVWRUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVDQG
6DQGHUV¶HTXDWLRQVZLWKQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHGUHVSHFWLYHO\7KHVH
UHVXOWVFRUUHVSRQGWRDZLGHUDQJHRIVWULQJHUFRQILJXUDWLRQVDVLQGLFDWHGLQHDFKILJXUH$VD
IUDPHRIUHIHUHQFHWKHEDVHOLQHFDVHLVWDNHQDV      DQG  
IRUVWULQJHUVWLIIHQHGF\OLQGHUV6LPLODUO\WKHEDVHOLQHFDVHLVWDNHQDV    
 DQG  IRUULQJVWLIIHQHGF\OLQGHUV7KHULJKWPRVWEUDQFKRIWKHEODFNDQG
WKHEOXHIHVWRRQFXUYHVVKRZQLQILJXUHVDQGFRUUHVSRQGWRD
FROXPQOLNHVKHOOEXFNOLQJPRGHJLYHQE\WKHZDYHQXPEHUVP Q DQGWKHJUDSK
FRRUGLQDWHVIRUWKHILUVWFROXPQOLNHVKHOOEXFNOLQJPRGHDUHLQGLFDWHGLQWKHILJXUHV7KH
FRUUHVSRQGLQJJUD\FXUYHWKDWDSSHDUVLQWKHVHILJXUHVFRUUHVSRQGVWREXFNOLQJFRHIILFLHQWV
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REWDLQHGE\XVLQJWKH(XOHUFROXPQEXFNOLQJIRUPXOD
 
IRUDVLPSO\VXSSRUWHGWKLQZDOOHGWXEXODUEHDPZLWKOHQJWK/FURVVVHFWLRQDOUDGLXV5DQG
WKLFNQHVVKWKDWLVGHIRUPHGLQWRDVLQJOHKDOIZDYHDORQJLWVOHQJWK,QWKLVH[SUHVVLRQ 
LVWKH(XOHUEXFNOLQJORDGGLYLGHGE\π5DQG LVWKHFROXPQEHQGLQJVWLIIQHVV0RUH
VSHFLILFDOO\IRUWKHULQJVWLIIHQHGF\OLQGHUVFRQVLGHUHGKHUHLQWKHFRQWULEXWLRQRIWKHULQJVWRWKH
FROXPQEHQGLQJVWLIIQHVVLVQHJOHFWHGDQGWKHFROXPQEHQGLQJVWLIIQHVVLVDSSUR[LPDWHGE\
,QFRQWUDVWIRUWKHVWULQJHUVWLIIHQHGF\OLQGHUV LVWDNHQDVWKHFROXPQEHQGLQJ
VWLIIQHVVRIWKHFRPSRVLWHFURVVVHFWLRQIRUPHGE\WKHF\OLQGHUZDOODQGDILQLWHQXPEHURI
XQLIRUPO\GLVWULEXWHGVWULQJHUFURVVVHFWLRQVJLYHQE\ 1RWLQJWKDWWKHFROXPQEHQGLQJ
VWLIIQHVV LVWKHVDPHDERXWHLWKHURIWKHWZRFURVVVHFWLRQD[HVWKDWSDVVWKURXJKWKHJHRPHWULF
FHQWHULWIROORZVWKDW

ZKHUHAGHQRWHVWKHFURVVVHFWLRQDODUHDUθDUHFRUUHVSRQGLQJSRODUFRRUGLQDWHVDQG
VLJQLILHVWKHIDFWWKDWWKHF\OLQGHUZDOODQGWKHVWULQJHUVPD\LQJHQHUDOKDYHGLIIHUHQW
YDOXHVIRU<RXQJ¶VPRGXOXV1H[WHTXDWLRQLVSDUWLWLRQHGLQWR

ZKHUHAcylLVWKHFURVVVHFWLRQDODUHDRIWKHF\OLQGHUZDOODQG LVWKHQXPEHURIVWULQJHU
FURVVVHFWLRQV7KHFRRUGLQDWHWUDQVIRUPDWLRQ LVDSSOLHGWRWKHILUVWLQWHJUDO
ZLWK DQG DQGWKHSDUDOOHOD[LVWKHRUHPLVDSSOLHGWRWKHVHFRQG
LQWHJUDOWRJHW
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ZKHUH LVWKHFHQWURLGDOSRODUPRPHQWRILQHUWLDRIWKHVWULQJHUV(TXDWLRQLV
DSSUR[LPDWHGKHUHLQE\SUHVXPLQJWKDW DQG ZKLFK\LHOGV

1RZVXEVWLWXWLQJHTXDWLRQLQWRHTXDWLRQJLYHV

IRUWKHVWULQJHUVWLIIHQHGF\OLQGHUV)RUWKHULQJVWLIIHQHGF\OLQGHUV

6HYHUDOSORWVWKDWLQGLFDWHWKHSHUFHQWGLIIHUHQFHLQWKHEXFNOLQJORDGVZLWKUHVSHFWWRWKH
UHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVDUHLQFOXGHGLQILJXUHV3RLQWVRIWKHUHG
FXUYHVDSSHDULQJLQWKHVHSORWVDUHREWDLQHGE\FRPSXWLQJWKHDEVROXWHYDOXHRIWKHGLIIHUHQFH
EHWZHHQEXFNOLQJORDGVREWDLQHGE\XVLQJ'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGWKHQGLYLGLQJWKH
UHVXOWE\WKHFRUUHVSRQGLQJEXFNOLQJORDGREWDLQHGIURP6DQGHUV¶HTXDWLRQV7KHEOXHFXUYHLV
REWDLQHGLQDVLPLODUPDQQHUZLWKWKHUHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVUHSODFHGZLWK
WKHUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKQRQOLQHDUURWDWLRQVDERXWWKHQRUPDO
QHJOHFWHG
7KHUHVXOWVLQILJXUHVIRUWKHVWULQJHUVWLIIHQHGF\OLQGHUVZLWK5K VKRZ
VLJQLILFDQWGLIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFHSUHGLFWLRQVREWDLQHGIURPWKHWKUHHVHWRI
HTXDWLRQVZLWKWKHEODFNFXUYHV6DQGHUV¶HTXDWLRQVJHQHUDOO\H[KLELWLQJWKHORZHVW
FRUUHVSRQGLQJYDOXHVRIEXFNOLQJUHVLVWDQFH$GGLWLRQDOO\WKHGLIIHUHQFHVDUHJHQHUDOO\PRUH
SURQRXQFHGDVWKHF\OLQGHUOHQJWKLQFUHDVHV/LNHIRUWKHXQVWLIIHQHGF\OLQGHUUHVXOWVSUHVHQWHG
KHUHLQWKHUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVSUHGLFWDWUDQVLWLRQWRDFROXPQEXFNOLQJ
PRGHDWVLJQLILFDQWO\VPDOOHUYDOXHVRI/5WKDQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ
6DQGHUV¶HTXDWLRQVZLWKQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHG7KHUHVXOWVREWDLQHGE\
XVLQJ'RQQHOO¶VHTXDWLRQVSUHGLFWQRWUDQVLWLRQDWDOO,QDGGLWLRQWKH(XOHUFROXPQEXFNOLQJ
PRGHVSUHGLFWHGE\HTXDWLRQDUHLQFORVHDJUHHPHQWZLWKWKHFRUUHVSRQGLQJUHVXOWV
SUHGLFWHGE\6DQGHUV¶HTXDWLRQV0RUHRYHUWKHEXFNOLQJORDGVSUHGLFWHGE\HTXDWLRQDUH
VOLJKWO\JUHDWHUWKDQWKHFRUUHVSRQGLQJEXFNOLQJORDGVSUHGLFWHGE\6DQGHUV¶HTXDWLRQV7KLV
GLIIHUHQFHLVDWWULEXWHGWRWKHFURVVVHFWLRQIOH[LELOLW\LQKHUHQWWRVKHOOWKHRU\
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)RUWKHEDVHOLQHVWULQJHUFRQILJXUDWLRQJLYHQE\      DQG  
DQGVKRZQLQILJXUHVDQGWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\
'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGEHWZHHQWKHWZRVHWVRI6DQGHUV¶HTXDWLRQVDUHOHVVWKDQ
IRU/5$V/5LQFUHDVHEH\RQGWHQWKHGLIIHUHQFHVLQFUHDVHWRYDOXHVJUHDWHUWKDQ
H[FHSWIRUWKHDVSHFWUDWLRVRIDSSUR[LPDWHO\≤/5≤7KHODUJHVWGLIIHUHQFHVRFFXUIRU
DSSUR[LPDWHO\/5!ZKHUH'RQQHOO¶VHTXDWLRQVDQG6DQGHUV¶HTXDWLRQVZLWKQRQOLQHDU
URWDWLRQVDERXWWKHQRUPDOQHJOHFWHGIDLOWRSUHGLFWDFROXPQOLNHEXFNOLQJPRGH
5HODWLYHWRWKHEDVHOLQHVWULQJHUFRQILJXUDWLRQWKHUHVXOWVLQILJXUHVDQGRWKHUUHVXOWV
REWDLQHGLQWKHSUHVHQWVWXG\WKDWDUHQRWSUHVHQWHGKHUHLQH[KLELWWKHIROORZLQJWUHQGV)LUVW
LQFUHDVLQJWKHVPHDUHGH[WHQWLRQDOVWLIIQHVVRIWKHVWULQJHUVUHODWLYHWRWKDWRIWKHVNLQE\
LQFUHDVLQJ IURPWKHEDVHOLQHYDOXHRIRQHUHGXFHVVXEVWDQWLDOO\WKHGLIIHUHQFHVEHWZHHQWKH
FRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGE\ERWKVHWRI6DQGHUV¶
HTXDWLRQVIRUDOOYDOXHVRI/5LQZKLFK6DQGHUV¶HTXDWLRQVGRQRW\LHOGDFROXPQOLNHEXFNOLQJ
PRGHILJXUHV,QSDUWLFXODUIRU  WKHGLIIHUHQFHVGRQRWH[FHHGDQGIRUWKH
PRVWSDUWGRQRWH[FHHG$VWKHYDOXHRIWKLVH[WHQWLRQDOVWLIIQHVVSDUDPHWHULVLQFUHDVHGWR
IRXUWKHGLIIHUHQFHVGRQRWH[FHHGDSSUR[LPDWHO\1H[WLQFUHDVLQJWKHVPHDUHGEHQGLQJ
VWLIIQHVVRIWKHVWULQJHUVILJXUHVDQGUHODWLYHWRWKDWRIWKHVNLQE\LQFUHDVLQJ IURP
WKHEDVHOLQHYDOXHRIRQHWRDYDOXHRIWHQLQFUHDVHVVXEVWDQWLDOO\WKHGLIIHUHQFHVEHWZHHQWKH
FRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVIRUDOOYDOXHVRI≤/5
≤$VLPLODUWUHQGLVQRWHGIRUWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\
XVLQJWKHWZRVHWVRI6DQGHUV¶HTXDWLRQVHVSHFLDOO\IRU/5≤
,QFUHDVLQJWKHVPHDUHGWRUVLRQDOVWLIIQHVVRIWKHVWULQJHUVILJXUHVUHODWLYHWRWKDWRI
WKHVNLQE\LQFUHDVLQJ IURPWKHEDVHOLQHYDOXHRI]HURJHQHUDOO\LQFUHDVHVWKH
GLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVIRU
/5!,QFRQWUDVWLQFUHDVLQJWKLVSDUDPHWHUJHQHUDOO\UHGXFHVWKHGLIIHUHQFHVEHWZHHQWKH
FRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\WKHWZRVHWVRI6DQGHUV¶HTXDWLRQV)RUERWKFDVHVWKH
GLIIHUHQFHVH[FHHG)RUWKHVKRUWHUF\OQGHUVZLWK/5LQFUHDVLQJ IURP]HUR
WRRQHJHQHUDOO\LQFUHDVHVWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\
'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGE\WKHWZRVHWVRI6DQGHUV¶HTXDWLRQV+RZHYHULQFUHDVLQJ
WRDYDOXHRIWHQVLJQLILFDQWO\UHGXFHVWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJ
UHVXOWVSUHGLFWHGE\DOOWKUHHVHWVRIHTXDWLRQV)RU/5WKHGLIIHUHQFHVDUHOHVVWKDQ
7KHUHVXOWVLQILJXUHVLQGLFDWHWKDWLQFUHDVLQJWKHRXWZDUGVWULQJHUHFFHQWULFLW\IURPWKH
EDVHOLQHYDOXHRI]HURXSWRDYDOXHRIWHQVLJQILFDQWO\LQFUHDVHVWKHGLIIHUHQFHVLQWKH
FRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGE\WKHWZRVHWVRI
6DQGHUV¶HTXDWLRQV,QDGGLWLRQ'RQQHOO¶VHTXDWLRQVWHQGWRSURGXFHPXFKELJJHUGLIIHUHQFHV
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WKDQ6DQGHUV¶HTXDWLRQVZLWKQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHG)XUWKHUPRUHIRU
 YHU\ODUJHGLIIHUHQFHVDUHSUHGLFWHGIRUWKHH[WUHPHO\VKRUWF\OLQGHUV7KHUHVXOWVLQ
ILJXUHVDOVRLQGLFDWHWKDWLQFUHDVLQJWKHLQZDUGVWULQJHUHFFHQWULFLW\IURPWKHEDVHOLQHYDOXH
RI]HURWRDYDOXHRI  KDVDVRPHZKDWGLIIHUHQWHIIHFW,QSDUWLFXODUFKDQJLQJ IURP
WRLQFUHDVHVWKHGLIIHUHQFHVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGE\WKHWZRVHWV
RI6DQGHUV¶HTXDWLRQVIURPDPD[LPXPRIDERXWWRDERXWIRU/5,QFRQWUDVWWKH
WZRVHWVRIGLIIHUHQFHVDUHUHGXFHGVXEVWDQWLDOO\LQWKHUDQJHRI/5!,QFUHDVLQJWKHLQZDUG
HFFHQWULFLW\WR  KDVDPXFKGLIIHUHQWHIIHFWWKDWLVWKHWZRVHWVRIGLIIHUHQFHVLQFUHDVH
JUHDWO\DVWKHIXOOUDQJHRI/5FRQVLGHUHG$GGLWLRQDOO\YHU\ODUJHGLIIHUHQFHVDUHSUHGLFWHGIRU
WKHH[WUHPHO\VKRUWF\OLQGHUV
7KHUHVXOWVLQILJXUHVIRUWKHVKHOOVZLWK5K VKRZPXFKVPDOOHUGLIIHUHQFHVLQ
WKHEXFNOLQJUHVLVWDQFHSUHGLFWLRQVRYHUDODUJHUUDQJHRI/5REWDLQHGIURPWKHWKUHHVHWRI
HTXDWLRQVIRUWKHPRVWSDUWWKDQWKHFRUUHVSRQGLQJVKHOOVZLWK5K DQGGRQRWH[KLELW
FROXPQOLNHEXFNOLQJPRGHV)RUH[DPSOHWKHEDVHOLQHVWULQJHUFRQILJXUDWLRQVKRZQLQILJXUH
H[KLELWVQHJOLJLEOHGLIIHUHQFHVIRUYDOXHVRI/5≤)RUYDOXHVRI/5!WKHGLIIHUHQFHV
LQFUHDVHVXEVWDQWLDOO\UHDFKLQJPD[LPXPVRIDERXWDQGIRUWKHGLIIHUHQFHVREWDLQHGE\
XVLQJ'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGE\XVLQJWKHWZRVHWVRI6DQGHUV¶HTXDWLRQV
UHVSHFWLYHO\/LNHZLVHIRU  WKHGLIIHUHQFHVVKRZQLQILJXUHGRQRWH[FHHGIRU
/5≤DQGQHYHUH[FHHG)RU  WKHGLIIHUHQFHVVKRZQLQILJXUHGRQRWH[FHHG
IRU/5≤0RUHRYHUIRU/5WKHODUJHVWGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJ
UHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGE\WKHWZRVHWVRI6DQGHUV¶HTXDWLRQV
DUHDSSUR[LPDWHO\DQGUHVSHFWLYHO\)XUWKHUPRUHIRU/5≥WKHODUJHVWGLIIHUHQFHV
EHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGE\WKHWZR
VHWVRI6DQGHUV¶HTXDWLRQVDUHDSSUR[LPDWHO\DQGUHVSHFWLYHO\
)RUWKHF\OLQGHUVZLWK5K DQG  WKHGLIIHUHQFHVEHWZHHQWKH
FRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\ERWKVHWVRIHTXDWLRQVVKRZQLQILJXUHDUHOHVVWKDQIRU
/5≤,QWKHUDQJH/5≤GLIIHUHQFHDVODUJHDVDUHVHHQ%H\RQG/5 WKH
GLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQG
E\WKHWZRVHWVRI6DQGHUV¶HTXDWLRQVH[KLELWDPD[LPXPRIDERXWDQGUHVSHFWLYHO\
,QDPDQQHUVLPLODUWRWKDWVHHQIRUWKHF\OLQGHUVZLWK5K WKHUHVXOWVLQILJXUHVKRZWKDW
LQFUHDVLQJ WRDYDOXHRIWHQLQFUHDVHVWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJ
UHVXOWVSUHGLFWHGE\DOOWKUHHVHWVRIHTXDWLRQVLQWKHUDQJHRI/5!&RPSDULQJWKHUHVXOWVLQ
ILJXUHVDQGIRUF\OLQGHUVZLWK  LQGLFDWHVWKDWLQFUHDVLQJ5KIURPWR
VLJQLILFDQWO\UHGXFHVWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\ERWKVHWVRI
HTXDWLRQV'LIIHUHQFHVOHVVWKDQDUHQRWHGIRU/56LPLODUO\WKHUHVXOWVLQILJXUHVDQG
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IRUF\OLQGHUVZLWK  VKRZDVLPLODUWUHQG7KHUHVXOWVIRUF\OLQGHUVZLWK  DQG
VKRZQLQILJXUHVDQGIRU5K DQGLQDQGIRU5K LQGLFDWHDYHU\SURQRXQFHG
UHGXFWLRQLQWKHGLIIHUHQFHVDVVRFLDWHGZLWKLQFUHDVLQJ5K'LIIHUHQFHVOHVVWKDQDQGOHVV
WKDQDERXWDUHQRWHGLQWKHUDQJHRI/5IRUWKHF\OLQGHUVZLWK5K DQGZLWK  
DQGUHVSHFWLYHO\
7KHUHVXOWVLQILJXUHVIRUWKHULQJVWLIIHQHGF\OLQGHUVZLWK5K DOVRVKRZ
VLJQLILFDQWGLIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFHSUHGLFWLRQVREWDLQHGIURPWKHWKUHHVHWRI
HTXDWLRQVZLWKWKHEODFNFXUYHV6DQGHUV¶HTXDWLRQVJHQHUDOO\H[KLELWLQJWKHORZHVW
FRUUHVSRQGLQJYDOXHVRIEXFNOLQJUHVLVWDQFH/LNHIRUWKHVWULQJHUVWLIIHQHGF\OLQGHUVWKH
GLIIHUHQFHVDUHJHQHUDOO\PRUHSURQRXQFHGDVWKHF\OLQGHUOHQJWKLQFUHDVHVDQGWKHUHVXOWV
REWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVSUHGLFWDWUDQVLWLRQWRDFROXPQEXFNOLQJPRGHDW
VLJQLILFDQWO\VPDOOHUYDOXHVRI/5WKDQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶
HTXDWLRQVZLWKWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHG0RUHRYHUWKHUHVXOWVREWDLQHG
E\XVLQJ'RQQHOO¶VHTXDWLRQVDOVRSUHGLFWQRWUDQVLWLRQDWDOO7KH(XOHUFROXPQEXFNOLQJPRGHV
SUHGLFWHGE\HTXDWLRQIRUWKHULQJVWLIIHQHGF\OLQGHUVDUHDOVRLQFORVHDJUHHPHQWZLWKWKH
FRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\6DQGHUV¶HTXDWLRQV,QFRQWUDVWWRWKHUHVXOWVIRUWKHVWULQJHU
VWLIIHQHGF\OLQGHUVWKHEXFNOLQJORDGVSUHGLFWHGE\HTXDWLRQIRUULQJVWLIIHQHGF\OLQGHUVDUH
VOLJKWO\OHVVIRUWKHPRVWSDUWWKDQWKHFRUUHVSRQGLQJEXFNOLQJORDGVSUHGLFWHGE\6DQGHUV¶
HTXDWLRQV7KLVGLIIHUHQFHLVDWWULEXWHGWRWKHQHJOHFWRIFRQWULEXWLRQVPDGHE\WKHULQJVWRWKH
VWLIIQHVVDVVRFLDWHGZLWKFROXPQEHQGLQJ
)RUWKHEDVHOLQHULQJFRQILJXUDWLRQJLYHQE\      DQG  
DQGVKRZQLQILJXUHWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶V
DQG6DQGHUV¶HTXDWLRQVDQGEHWZHHQWKHWZRVHWVRI6DQGHUV¶HTXDWLRQVDUHOHVVWKDQIRU
/5$V/5LQFUHDVHVEH\RQGVL[WKHGLIIHUHQFHVLQFUHDVHWRYDOXHVJUHDWHUWKDQH[FHSW
IRUWKHOHQJWKWRUDGLXVUDWLRVRIDSSUR[LPDWHO\≤/5≤7KHODUJHVWGLIIHUHQFHVRFFXUIRU
DSSUR[LPDWHO\/5!ZKHUH'RQQHOO¶VHTXDWLRQVDQG6DQGHUV¶HTXDWLRQVZLWKWKHQRQOLQHDU
URWDWLRQVDERXWWKHQRUPDOQHJOHFWHGIDLOWRSUHGLFWDFROXPQOLNHEXFNOLQJPRGH
5HODWLYHWRWKHEDVHOLQHVWULQJHUFRQILJXUDWLRQWKHUHVXOWVLQILJXUHVDQGRWKHUUHVXOWV
REWDLQHGLQWKHSUHVHQWVWXG\WKDWDUHQRWSUHVHQWHGKHUHLQH[KLELWWKHIROORZLQJWUHQGV)LUVW
LQFUHDVLQJWKHVPHDUHGH[WHQWLRQDOVWLIIQHVVRIWKHULQJVUHODWLYHWRWKDWRIWKHVNLQE\LQFUHDVLQJ
IURPWKHEDVHOLQHYDOXHRIRQHWRDYDOXHRIIRXUKDVDUHODWLYHO\VPDOOHIIHFWRQWKH
GLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQG
E\ERWKVHWRI6DQGHUV¶HTXDWLRQV,QSDUWLFXODUIRU  WKHGLIIHUHQFHVDUHDOPRVWWKHVDPH
DVWKDWIRUWKHEDVHOLQHFDVH1H[WLQFUHDVLQJWKHVPHDUHGEHQGLQJVWLIIQHVVRIWKHULQJVILJXUH
UHODWLYHWRWKDWRIWKHVNLQE\LQFUHDVLQJ IURPWKHEDVHOLQHYDOXHRIRQHWRDYDOXHRIWHQ
HOLPLQDWHVWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶
HTXDWLRQVIRUDOOYDOXHVRI/5ZKLFKFRUUHVSRQGVWRVKHOOEXFNOLQJPRGHV$VLPLODU
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WUHQGLVQRWHGIRUWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJWKHWZRVHWVRI6DQGHUV¶HTXDWLRQV
IRUDSSUR[LPDWHO\/5
,QFUHDVLQJWKHVPHDUHGWRUVLRQDOVWLIIQHVVRIWKHULQJVILJXUHVDQGUHODWLYHWRWKDWRI
WKHVNLQE\LQFUHDVLQJ IURPWKHEDVHOLQHYDOXHRI]HURJHQHUDOO\LQFUHDVHVWKH
GLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\ERWKVHWVRIHTXDWLRQVIRU
DSSUR[LPDWHO\/5!ZLWKGLIIHUHQFHVH[FHHGLQJ)RUWKHVKRUWHUF\OQGHUVZLWK/5
LQFUHDVLQJ IURP]HURWRRQHJHQHUDOO\LQFUHDVHVWKHGLIIHUHQFHVEHWZHHQWKH
FRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGE\WKHWZRVHWVRI
6DQGHUV¶HTXDWLRQV+RZHYHULQFUHDVLQJ WRDYDOXHRIWHQVLJQLILFDQWO\UHGXFHVWKH
GLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\DOOWKUHHVHWVRIHTXDWLRQV)RU
DSSUR[LPDWHO\/5WKHGLIIHUHQFHVDUHOHVVWKDQ7KHUHVXOWVLQILJXUHVLQGLFDWHWKDW
LQFUHDVLQJWKHPDJQLWXGHRIWKHULQJHFFHQWULFLW\RXWZDUGRULQZDUGIURPWKHEDVHOLQHYDOXHRI
]HURXSWRDYDOXHRIWHQHOLPLQDWHVWKHGLIIHUHQFHVLQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\
'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGE\WKHWZRVHWVRI6DQGHUV¶HTXDWLRQVWKDWFRUUHVSRQGWR
F\OLQGHUEXFNOLQJPRGHV)RUWKHFROXPQOLNHEXFNOLQJPRGHVODUJHGLIIHUHQFHVDUHSUHVHQWIRU
ERWKFDVHV
5HVXOWVIRUULQJVWLIIHQHGVKHOOVZLWK5K ZHUHREWDLQHGLQWKHSUHVHQWVWXG\IRU
≤/5≤DQGIRUWKHVDPHYDOXHVRIWKHQRQGLPHQVLRQDOSDUDPHWHUVXVHGLQILJXUHV
)RUHDFKFDVHQRFROXPQOLNHEXFNOLQJPRGHVZHUHSUHGLFWHGDQGWKHEXFNOLQJUHVLVWDQFH
SUHGLFWLRQVREWDLQHGIURPWKHWKUHHVHWRIHTXDWLRQVH[KLELWPXFKVPDOOHUGLIIHUHQFHVRYHUDODUJHU
UDQJHRI/5IRUWKHPRVWSDUWWKDQWKHFRUUHVSRQGLQJF\OLQGHUVZLWK5K )RUH[DPSOH
UHVXOWVIRUWKHEDVHOLQHULQJFRQILJXUDWLRQVKRZQLQILJXUHH[KLELWQRDSSUHFLDEOHGLIIHUHQFHV
IRUYDOXHVRIDSSUR[LPDWHO\/5≤)RUYDOXHVRI/5!WKHGLIIHUHQFHVLQWKHUHVXOWV
REWDLQHGE\XVLQJ'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGE\XVLQJWKHWZRVHWVRI6DQGHUV¶
HTXDWLRQVLQFUHDVHVXEVWDQWLDOO\UHDFKLQJPDJQLWXGHVLQH[FHVVRIDWDSSUR[LPDWHO\/5 
7KHUHVXOWVLQILJXUHIRU  H[KLELWSUDFWLFDOO\WKHVDPHWUHQG)RU  WKH
UHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJWKHWKUHHVHWVRIHTXDWLRQVVKRZQRDSSUHFLDEOH
GLIIHUHQFHVZLWK  RYHUWKHIXOOUDQJHRI/5H[FHSWIRUDSSUR[LPDWHO\/5
)RUWKHULQJVWLIIHQHGF\OLQGHUVZLWK5K DQG  WKHGLIIHUHQFHVEHWZHHQ
WKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\ERWKVHWVRIHTXDWLRQVVKRZQLQILJXUHDUHOHVVWKDQ
DERXWIRU/5≤,QWKHUDQJH/5≤GLIIHUHQFHOHVVWKDQDERXWDUHVHHQ
%H\RQG/5 WKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG
6DQGHUV¶HTXDWLRQVDQGE\WKHWZRVHWVRI6DQGHUV¶HTXDWLRQVH[KLELWDPD[LPXPRIDERXW
DQGUHVSHFWLYHO\&RPSDULQJWKHUHVXOWVLQILJXUHVDQGVKRZVWKDWLQFUHDVLQJ
WRDYDOXHRIWHQLQFUHDVHVWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHG
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E\DOOWKUHHVHWVRIHTXDWLRQVSDUWLFXODUO\LQWKHUDQJHRI/5!)RUWKHF\OLQGHUVZLWKHFFHQWULF
ULQJVQRDSSUHFLDEOHGLIIHUHQFHZHUHIRXQGIRU  DQG)RU  QRGLIIHUHQFHV
ZHUHDOVRIRXQGIRUDSSUR[LPDWHO\/5≤DQGDOORWKHUGLIIHUHQFHVDUHOHVVWKDQ0RUHRYHU
WKHUHVSRQVHFXUYHVDUHIRUWKHPRVWSDUWFRQVWDQWYDOXHGZLWK  DQG
IRU  DQGUHVSHFWLYHO\
8QLIRUPH[WHUQDOSUHVVXUHORDGV5HVXOWVIRUULQJVWLIIHQHGLVRWURSLFF\OLQGHUVVXEMHFWHGWR
XQLIRUPH[WHUQDOSUHVVXUHDUHSUHVHQWHGLQ7DEOHVDQGIRUVHOHFWHGYDOXHVRIWKHUDGLXVWR
WKLFNQHVVUDWLRV≤5K≤DQGWKHOHQJWKWRUDGLXVUDWLR≤/5≤6SHFLILFDOO\WKH
SUHGLFWHGYDOXHVRIWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUH REWDLQHGE\6LQJHU%DUXFKDQG
+DUDULDQGREWDLQHGLQWKHSUHVHQWVWXG\DUHVKRZQIRUF\OLQGHUVZLWKWKHJHQHULFULQJ
SURSHUWLHVDUHJLYHQE\  DQG-U ZKHUH$ULVWKHFURVVVHFWLRQDODUHDGU
LVWKHULQJVSDFLQJ LVWKHFHQWURLGDOPRPHQWRILQHUWLDDQG-ULVWKHWRUVLRQFRQVWDQW
0RUHRYHUUHVXOWVDUHJLYHQIRUF\OLQGHUVZLWKHLWKHUH[WHUQDORULQWHUQDOULQJVKDYLQJWKH
HFFHQWULFLWHVHUK DQGUHVSHFWLYHO\7KHUHVXOWVLQ7DEOHDUHIRUYHU\VKRUW
F\OLQGHUVZLWK/5 DQGD3RLVVRQ¶VUDWLRν ,QFRQWUDVWWKHUHVXOWVLQ7DEOHDUHIRU
F\OLQGHUVZLWK/5 DQGDQGIRUYDOXHVRI3RLVVRQ¶VUDWLRν DQG,QWKH
QRQGLPHQVLRQDOEXFNOLQJSUHVVXUHDSSHDULQJLQWKHWDEOHV LVWKHSULQFLSDOEHQGLQJ
VWLIIQHVVRIWKHF\OLQGHUZDOO(LV<RXQJ¶VPRGXOXVDQGνLV3RLVVRQ¶VUDWLR,QDGGLWLRQWKH
UHVXOWVEDVHGRQ'RQQHOO¶VHTXDWLRQVFRUUHVSRQGWRGHDGSUHVVXUHORDGVZKHUHDVWKRVHEDVHGRQ
6DQGHUV¶HTXDWLRQVDUHIRUOLYHSUHVVXUHORDGV
7KHUHVXOWVLQ7DEOHVDQGVKRZGLIIHUHQFHVOHVVWKDQLQWKHQRQGLPHQVLRQDO
EXFNOLQJSUHVVXUHVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQUHIHUHQFHVDQGE\XVLQJ'RQQHOO¶V
HTXDWLRQV$GGLWLRQDOO\WKHUHVXOWVRIWKHSUHVHQWVWXG\REWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQV
LQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDO\LHOGVGLIIHUHQFHVLQWKHEXFNOLQJ
ORDGVWKDWDUHOHVVWKDQDSSUR[LPDWHO\6LPLODUO\WKHGLIIHUHQFHVEHWZHHQFRUUHVSRQGLQJ
EXFNOLQJORDGVREWDLQHGE\XVLQJ6DQGHUV¶DQG'RQQHOO¶VHTXDWLRQVDUHOHVVWKDQDSSUR[LPDWHO\

7KHGLIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFHSUHGLFWLRQVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ
'RQQHOO¶VHTXDWLRQVUHGFXUYHV6DQGHUVHTXDWLRQVZLWKGHDGSUHVVXUHEOXHFXUYHVDQG
6DQGHUVHTXDWLRQVZLWKOLYHSUHVVXUHEODFNFXUYHVDUHLOOXVWUDWHGLQILJXUHVIRUVWULQJHU
VWLIIHQHGDQGIRUULQJVWLIIHQHGF\OLQGHUVZLWKUDGLXVWRWKLFNQHVVUDWLRV5K DQGZLWK
3RLVVRQ¶VUDWLRν DQGZLWK<RXQJ¶VPRGXOXV( xSVL7KHEXFNOLQJUHVLVWDQFH
LVPHDVXUHGE\WKHQRQGLPHQVLRQDOSUHVVXUH IRUYDOXHVRI≤/5≤,QFDOFXODWLQJ
WKHVHUHVXOWVWKHFLUFXPIHUHQWLDOZDYHQXPEHUVQ DQGQ ZHUHQRWXVHG7KHVHWZRZDYH
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QXPEHUVFRUUHVSRQGWRD[LV\PPHWULFGHIRUPDWLRQPRGHVDQGFROXPQEXFNOLQJPRGHVWKDWDUH
LQFRQVLVWHQWZLWKWKHSUHVHQFHRIRQO\XQLIRUPH[WHUQDOSUHVVXUHORDGV
)RUWKHEDVHOLQHVWULQJHUFRQILJXUDWLRQJLYHQE\      DQG  
DQGVKRZQLQILJXUHIRUWKHF\OLQGHUVZLWK5K WKHGLIIHUHQFHVEHWZHHQWKH
FRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDQG
EHWZHHQWKHWZRVHWVRI6DQGHUV¶HTXDWLRQVDUHOHVVWKDQDERXWIRU/5≤)RU/5
GLIIHUHQFHVDUHODUJHDVDUHIRXQG$V/5LQFUHDVHEH\RQGWKHFXUYHVREWDLQHGE\XVLQJ
'RQQHOO¶VHTXDWLRQVDQGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDV\PSWRWLFDOO\DSSURDFK
WKHYDOXH  ZKLFKLVWKHDV\PSWRWLFYDOXHRIWKHFRUUHVSRQGLQJXQVWLIIHQHGF\OLQGHU,Q
FRQWUDVWWKHFXUYHREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDV\PSWRWLFDOO\
DSSURDFKHVWKHYDOXH  ZKLFKLVDOVRWKHDV\PSWRWLFYDOXHRIWKHFRUUHVSRQGLQJ
XQVWLIIHQHGF\OLQGHU7KHVHDV\PSWRWLFUHVXOWVFRUUHVSRQGWRDPD[LPXPGLIIHUHQFHRIDQG
WRWKHP DQGQ IODWWHQHGF\OLQGHUEXFNOLQJPRGHLOOXVWUDWHGLQILJXUH,WLVQRWHZRUWK\
WKDWRYHUDOO'RQQHOO¶VHTXDWLRQVWHQGWRSUHGLFWEXFNOLQJSUHVVXUHVWKDWDUHFORVHUWRWKH
FRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUH
5HVXOWVZHUHDOVRREWDLQHGLQWKHSUHVHQWVWXG\IRUVWULQJHUVWLIIHQHGF\OLQGHUVZLWK5K 
DQGZLWKWKHEDVHOLQHFRQILJXUDWLRQPRGLILHGDVIROORZV)LUVWFXUYHVVLPLODUWRWKRVHVKRZQLQ
ILJXUHZHUHREWDLQHGLQZKLFKWKHYDOXH  ZDVXVHGZLWKWKHEDVHOLQHVHWRISDUDPHWHUV
7KHQVHYHQVLPLODUVHWVRIFXUYHVZHUHREWDLQHGE\PRGLI\LQJWKHEDVHOLQHVHWRISDUDPHWHUVVXFK
WKDW    DQGDQG  DQG)RUDOOVHWVRIFXUYHREWDLQHG
WKHSORWVZHUHYHU\VLPLODUWRWKRVHVKRZQLQILJXUHLQFOXGLQJWKHDV\PSWRWLFEHKDYLRURIWKH
FXUYHVIRUODUJHYDOXHVRI/57KXVLWDSSHDUVWKDWWKHVWULQJHUFRQILJXUDWLRQKDVDUHODWLYHO\
VPDOOHIIHFWRQWKHEXFNOLQJSUHVVXUHOLNHO\GXHWRWKHSUHVVXUHORDGSURGXFLQJRQO\
FLUFXPIHUHQWLDOFRPSUHVVLRQSULRUWREXFNOLQJ$VDUHVXOWRIWKLVVLPLODULW\WKHGLIIHUHQFHV
EHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVZLWKOLYH
SUHVVXUHDQGEHWZHHQWKHWZRVHWVRI6DQGHUV¶HTXDWLRQVIRUWKHHLJKWDGGLWLRQDOVHWVRIFXUYHV
QRWVKRZQKHUHLQDUHVLPLODUWRWKRVHH[KLELWHGE\WKHFXUYHVVKRZQLQILJXUH
5HVXOWVIRUWKHEDVHOLQHVWULQJHUFRQILJXUDWLRQJLYHQE\      
DQG  DUHVKRZQLQILJXUHIRUVWULQJHUVWLIIHQHGF\OLQGHUVZLWK5K )RUWKHVH
F\OLQGHUVWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶
HTXDWLRQVZLWKOLYHSUHVVXUHDQGEHWZHHQWKHWZRVHWVRI6DQGHUV¶HTXDWLRQVDUHOHVVWKDQDERXW
IRUDSSUR[LPDWHO\/5≤)RUDSSUR[LPDWHO\/5≤WKHGLIIHUHQFHVDUHOHVVWKDQ
DQGIRU/5≤WKHGLIIHUHQFHVDUHOHVVWKDQ,QWKHUDQJH/5!GLIIHUHQFHV
DUHODUJHDVDUHIRXQG
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5HVXOWVZHUHDOVRREWDLQHGLQWKHSUHVHQWVWXG\IRUVWULQJHUVWLIIHQHGF\OLQGHUVZLWK5K 
DQGZLWKWKHEDVHOLQHFRQILJXUDWLRQPRGLILHGLQWKHVDPHZD\DVGHVFULEHGIRUWKHF\OLQGHUVZLWK
5K 6SHFLILFDOO\FXUYHVVLPLODUWRWKRVHVKRZQLQILJXUHZHUHREWDLQHGLQZKLFKWKHYDOXH
 ZDVXVHGZLWKWKHUHVWRIWKHEDVHOLQHSDUDPHWHUVIL[HG$GGLWLRQDOO\VHYHQVLPLODUVHWV
RIFXUYHVZHUHREWDLQHGE\PRGLI\LQJWKHEDVHOLQHVHWRISDUDPHWHUVVXFKWKDW  
 DQGDQG  DQG)RUDOOVHWVRIFXUYHREWDLQHGWKHSORWVZHUH
YHU\VLPLODUWRWKRVHVKRZQLQILJXUH$VDUHVXOWRIWKLVVLPLODULW\WKHGLIIHUHQFHVEHWZHHQWKH
FRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDQG
EHWZHHQWKHWZRVHWVRI6DQGHUV¶HTXDWLRQVIRUWKHHLJKWDGGLWLRQDOVHWVRIFXUYHVQRWVKRZQKHUHLQ
DUHVLPLODUWRWKRVHH[KLELWHGE\WKHFXUYHVVKRZQLQILJXUH
5HVXOWVIRUF\OLQGHUVZLWK5K DQGZLWKWKHEDVHOLQHULQJFRQILJXUDWLRQJLYHQE\  
    DQG  DUHVKRZQLQILJXUH7KHGLIIHUHQFHVEHWZHHQWKH
FRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGEHWZHHQWKHWZRVHWVRI
6DQGHUV¶HTXDWLRQVDUHOHVVWKDQIRU/5)RU≤/5GLIIHUHQFHVDUHODUJHDV
DUHIRXQG$V/5LQFUHDVHEH\RQGWKHFXUYHVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQGE\
XVLQJ6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDV\PSWRWLFDOO\DSSURDFKWKHYDOXH  ,Q
FRQWUDVWWKHFXUYHREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDV\PSWRWLFDOO\
DSSURDFKHVWKHYDOXH  7KHVHDV\PSWRWLFUHVXOWVDOVRFRUUHVSRQGWRDPD[LPXP
GLIIHUHQFHRIDQGWRWKHP DQGQ IODWWHQHGF\OLQGHUEXFNOLQJPRGHLOOXVWUDWHGLQ
ILJXUH/LNHIRUWKHVWULQJHUVWLIIHQHGF\OLQGHUV'RQQHOO¶VHTXDWLRQVWHQGWRSUHGLFWEXFNOLQJ
SUHVVXUHVIRUWKHULQJVWLIIHQHGF\OLQGHUVWKDWDUHFORVHUWRWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\
6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUH
5HVXOWVVLPLODUWRWKRVHVKRZQLQILJXUHZHUHREWDLQHGIRUF\OLQGHUVZLWK5K DQG
ZLWKWKHEDVHOLQHULQJFRQILJXUDWLRQPRGLILHGVXFKWKDW  /LNHZLVHUHVXOWVZHUHDOVR
REWDLQHGIRUF\OLQGHUVZLWK5K DQGZLWKWKHEDVHOLQHULQJFRQILJXUDWLRQPRGLILHGVXFKWKDW
 %RWKVHWVRIUHVXOWVH[KLELWSUDFWLFDOO\WKHVDPHEXFNOLQJSUHGLFWLRQVUHODWLYH
GLIIHUHQFHVDQGDV\PSWRWLFUHVSRQVHVDVWKHEDVHOLQHFDVHVKRZQLQILJXUH5HVXOWVIRU5K 
DQGWKHEDVHOLQHULQJFRQILJXUDWLRQPRGLILHGVXFKWKDW  DUHVKRZQLQILJXUH
7KHVHUHVXOWVYDU\VOLJKWO\IURPWKHFRUUHVSRQGLQJEDVHOLQHUHVXOWVDQGH[KLELWQHDUO\WKHVDPH
UHODWLYHVGLIIHUHQFHVDQGDV\PSWRWLFUHVSRQVHV
,QFRQWUDVWUHVXOWVDUHSUHVHQWHGLQILJXUHIRUF\OLQGHUVZLWK5K DQGZLWKWKH
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EDVHOLQHULQJFRQILJXUDWLRQPRGLILHGVXFKWKDW  WKDWVKRZODUJHLQFUHDVHVLQWKH
SUHGLFWHGEXFNOLQJSUHVVXUHVFRPSDUHGWRWKHFRUUHVSRQGLQJEDVHOLQHUHVXOWV)RUWKLVULQJ
FRQILJXUDWLRQGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶
HTXDWLRQVDQGEHWZHHQWKHWZRVHWVRI6DQGHUV¶HTXDWLRQVDUHOHVVWKDQIRU/5)RU≤
/5GLIIHUHQFHVDUHODUJHDVDUHIRXQG$V/5LQFUHDVHVEH\RQGWKHFXUYHVREWDLQHG
E\XVLQJ'RQQHOO¶VHTXDWLRQVDQGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDV\PSWRWLFDOO\
DSSURDFKWKHYDOXH  ZKHUHDVWKHFXUYHREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYH
SUHVVXUHDV\PSWRWLFDOO\DSSURDFKHVWKHYDOXH  5HVXOWVVLPLODUWRWKRVHVKRZQLQILJXUH
ZHUHREWDLQHGIRUF\OLQGHUVZLWK5K DQGZLWKWKHEDVHOLQHULQJFRQILJXUDWLRQPRGLILHG
VXFKWKDWHUK DQGDQGDUHVKRZQLQILJXUHVDQGUHVSHFWLYHO\7KHVHUHVXOWVIRU
HFFHQWULFULQJVYDU\LQPDJQLWXGHVRPHZKDWIURPWKHFRUUHVSRQGLQJUHVXOWVLQILJXUHEXW
H[KLELWQHDUO\WKHVDPHUHODWLYHVGLIIHUHQFHV)RUWKHF\OLQGHUVZLWKHUK WKHFXUYHVREWDLQHG
E\XVLQJ'RQQHOO¶VHTXDWLRQVDQGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDV\PSWRWLFDOO\
DSSURDFKWKHYDOXH  ZKHUHDVWKHFXUYHREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYH
SUHVVXUHDV\PSWRWLFDOO\DSSURDFKHVWKHYDOXH  0RUHRYHUDW/5≤WKHP DQG
Q IODWWHQHGF\OLQGHUEXFNOLQJPRGHLVDEVHQWIURPWKHUHVSRQVHV)RUWKHF\OLQGHUVZLWKHUK
 WKHFXUYHVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKGHDG
SUHVVXUHDV\PSWRWLFDOO\DSSURDFKWKHYDOXH  ZKHUHDVWKHFXUYHREWDLQHGE\XVLQJ
6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDV\PSWRWLFDOO\DSSURDFKHVWKHYDOXH  )RUWKLV
ULQJFRQILJXUDWLRQWKHP DQGQ IODWWHQHGF\OLQGHUEXFNOLQJPRGHVRFFXUIRU
DSSUR[LPDWHO\/5≥
5HVXOWVDUHSUHVHQWHGLQILJXUHIRUF\OLQGHUVZLWK5K DQGZLWKWKHEDVHOLQHULQJ
FRQILJXUDWLRQPRGLILHGVXFKWKDWHUK 7KHUHVXOWVVKRZPDVVLYHLQFUHDVHVLQWKHSUHGLFWHG
EXFNOLQJSUHVVXUHVZLWKULQJHFFHQWULFLW\FRPSDUHGWRWKHFRUUHVSRQGLQJEDVHOLQHUHVXOWV)RUWKLV
ULQJFRQILJXUDWLRQWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG
6DQGHUV¶HTXDWLRQVDUHDVPXFKDVDERXWIRU/5$V/5LQFUHDVHEH\RQGWKH
GLIIHUHQFHVLQFUHDVHWRDERXW7KHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHG
E\WKHWZRVHWVRI6DQGHUV¶HTXDWLRQVDUHDVPXFKDVDERXWIRU/5DQGDV/5LQFUHDVH
EH\RQGWKHGLIIHUHQFHVLQFUHDVHWRDERXW,QDGGLWLRQWKHFXUYHVREWDLQHGE\XVLQJ
'RQQHOO¶VHTXDWLRQVE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDQGE\XVLQJ6DQGHUV¶
HTXDWLRQVZLWKOLYHSUHVVXUHDV\PSWRWLFDOO\DSSURDFKWKHYDOXHV  DQG
UHVSHFWLYHO\
5HVXOWVDUHSUHVHQWHGLQILJXUHIRUF\OLQGHUVZLWK5K DQGZLWKWKHEDVHOLQHULQJ
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
FRQILJXUDWLRQPRGLILHGVXFKWKDWHUK 7KHVHUHVXOWVDOVRVKRZPDVVLYHLQFUHDVHVLQWKH
SUHGLFWHGEXFNOLQJSUHVVXUHVZLWKULQJHFFHQWULFLW\FRPSDUHGWRWKHFRUUHVSRQGLQJEDVHOLQH
UHVXOWV7KHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶
HTXDWLRQVDQGEHWZHHQWKHWZRVHWVRI6DQGHUV¶HTXDWLRQVDUHIRUWKHPRVWSDUWOHVVWKDQIRU
≤/5≤+RZHYHUIRU/5GLIIHUHQFHVDUHODUJHDVDERXWDUHIRXQG$V/5
DSSURDFKHVWKHFXUYHVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQGE\XVLQJ6DQGHUV¶HTXDWLRQV
ZLWKGHDGSUHVVXUHDV\PSWRWLFDOO\DSSURDFKWKHYDOXH  7KHFXUYHREWDLQHGE\XVLQJ
6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDV\PSWRWLFDOO\DSSURDFKHVWKHYDOXH  7KHVH
DV\PSWRWLFUHVXOWVDOVRFRUUHVSRQGWRWKHP DQGQ IODWWHQHGF\OLQGHUEXFNOLQJPRGH
5HVXOWVIRUF\OLQGHUVZLWK5K DQGZLWKWKHEDVHOLQHULQJFRQILJXUDWLRQJLYHQE\
     DQG  DUHVKRZQLQILJXUH7KHGLIIHUHQFHVEHWZHHQ
WKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGEHWZHHQWKHWZR
VHWVRI6DQGHUV¶HTXDWLRQVDUHOHVVWKDQDERXWIRU/5≤)RU/5≤WKHGLIIHUHQFHV
DUHOHVVWKDQDSSUR[LPDWHO\$V/5LQFUHDVHVEH\RQGGLIIHUHQFHVDUHODUJHDVDERXW
DUHIRXQG$GGLWLRQDOO\WKHUHVXOWVVKRZQLQILJXUHFRUUHVSRQGWRWKHP DQGQ 
IODWWHQHGF\OLQGHUEXFNOLQJPRGHIRUYDOXHVRIDSSUR[LPDWHO\/5≤$GGLWLRQDO
FDOFXODWLRQVZHUHPDGHIRU/5≥WKDWUHYHDOHGWKHFXUYHVREWDLQHGE\XVLQJ'RQQHOO¶V
HTXDWLRQVDQGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDV\PSWRWLFDOO\DSSURDFKWKHYDOXH
 6LPLODUO\WKHFXUYHREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUH
DV\PSWRWLFDOO\DSSURDFKHVWKHYDOXH  
5HVXOWVVLPLODUWRWKRVHVKRZQLQILJXUHZHUHREWDLQHGIRUF\OLQGHUVZLWK5K DQG
ZLWKWKHEDVHOLQHULQJFRQILJXUDWLRQPRGLILHGVXFKWKDW  /LNHZLVHUHVXOWVZHUHDOVR
REWDLQHGIRUF\OLQGHUVZLWK5K DQGZLWKWKHEDVHOLQHULQJFRQILJXUDWLRQPRGLILHGVXFK
WKDW  DQG$OOWKUHHVHWVRIUHVXOWVH[KLELWSUDFWLFDOO\WKHVDPHEXFNOLQJ
SUHGLFWLRQVUHODWLYHGLIIHUHQFHVDQGDV\PSWRWLFUHVSRQVHVDVWKHEDVHOLQHFDVHVKRZQLQILJXUH
,QFRQWUDVWUHVXOWVDUHSUHVHQWHGLQILJXUHIRUF\OLQGHUVZLWK5K DQGZLWKWKH
EDVHOLQHULQJFRQILJXUDWLRQPRGLILHGVXFKWKDW  WKDWH[KLELWDGLIIHUHQWWUHQG7KDWLV
WKHVHUHVXOWVH[KLELWJUHDWHUSUHGLFWHGEXFNOLQJSUHVVXUHVFRPSDUHGWRWKHFRUUHVSRQGLQJEDVHOLQH
UHVXOWVRIILJXUH)RUWKLVULQJFRQILJXUDWLRQGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWV
SUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGEHWZHHQWKHWZRVHWVRI6DQGHUV¶HTXDWLRQV
DUHOHVVWKDQDSSUR[LPDWHO\IRU/5≤)RU/5GLIIHUHQFHVDUHODUJHDVDUH
IRXQG$V/5LQFUHDVHEH\RQGWKHFXUYHVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQGE\XVLQJ
6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDV\PSWRWLFDOO\DSSURDFKWKHYDOXH  ZKHUHDVWKH
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
FXUYHREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDV\PSWRWLFDOO\DSSURDFKHVWKH
YDOXH  
5HVXOWVVLPLODUWRWKRVHVKRZQLQILJXUHZHUHREWDLQHGIRUF\OLQGHUVZLWK5K DQG
ZLWKWKHEDVHOLQHULQJFRQILJXUDWLRQPRGLILHGVXFKWKDWHUK DQGDQGDUHVKRZQLQILJXUHV
DQGUHVSHFWLYHO\7KHVHUHVXOWVIRUF\OLQGHUVZLWKHFFHQWULFULQJVYDU\LQPDJQLWXGH
VRPHZKDWIURPWKHFRUUHVSRQGLQJUHVXOWVLQILJXUHEXWH[KLELWQHDUO\WKHVDPHUHODWLYHV
GLIIHUHQFHV)RUWKHF\OLQGHUVZLWKHUK WKHFXUYHVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQG
E\XVLQJ6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDV\PSWRWLFDOO\DSSURDFKWKHYDOXH  
ZKHUHDVWKHFXUYHREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDV\PSWRWLFDOO\
DSSURDFKHVWKHYDOXH  7KHVHDV\PSWRWLFYDOXHVGRQRWFRUUHVSRQGWRWKHP DQG
Q IODWWHQHGF\OLQGHUEXFNOLQJPRGHIRUYHU\ODUJHYDOXHVRI/5)RUWKHF\OLQGHUVZLWKHUK
 WKHFXUYHVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKGHDG
SUHVVXUHDV\PSWRWLFDOO\DSSURDFKWKHYDOXH  ZKHUHDVWKHFXUYHREWDLQHGE\XVLQJ
6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDV\PSWRWLFDOO\DSSURDFKHVWKHYDOXH  )RUWKLV
FDVHWKHDV\PSWRWLFYDOXHVGRFRUUHVSRQGWRWKHP DQGQ IODWWHQHGF\OLQGHUEXFNOLQJ
PRGH
5HVXOWVDUHSUHVHQWHGLQILJXUHIRUF\OLQGHUVZLWK5K DQGZLWKWKHEDVHOLQHULQJ
FRQILJXUDWLRQPRGLILHGVXFKWKDWHUK 7KHUHVXOWVVKRZPDVVLYHLQFUHDVHVLQWKHSUHGLFWHG
EXFNOLQJSUHVVXUHVZLWKULQJHFFHQWULFLW\FRPSDUHGWRWKHFRUUHVSRQGLQJEDVHOLQHUHVXOWVVKRZQ
LQILJXUH)RUWKLVULQJFRQILJXUDWLRQWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWV
SUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDUHDVPXFKDVDERXWIRUDSSUR[LPDWHO\/5
$V/5LQFUHDVHEH\RQGWKHGLIIHUHQFHVLQFUHDVHWRDERXW7KHGLIIHUHQFHVEHWZHHQ
WKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\WKHWZRVHWVRI6DQGHUV¶HTXDWLRQVDUHDVPXFKDVDERXW
IRU/5DQGDV/5LQFUHDVHEH\RQGWKHGLIIHUHQFHVLQFUHDVHWRDERXW,Q
DGGLWLRQWKHFXUYHVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVE\XVLQJ6DQGHUV¶HTXDWLRQVZLWK
GHDGSUHVVXUHDQGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDV\PSWRWLFDOO\DSSURDFKWKH
YDOXHV  DQGUHVSHFWLYHO\7KHVHDV\PSWRWLFYDOXHVGRQRWFRUUHVSRQGWR
WKHP DQGQ IODWWHQHGF\OLQGHUEXFNOLQJPRGH
5HVXOWVDUHSUHVHQWHGLQILJXUHIRUF\OLQGHUVZLWK5K DQGZLWKWKHEDVHOLQHULQJ
FRQILJXUDWLRQPRGLILHGVXFKWKDWHUK 7KHVHUHVXOWVDOVRVKRZPDVVLYHLQFUHDVHVLQWKH
SUHGLFWHGEXFNOLQJSUHVVXUHVZLWKULQJHFFHQWULFLW\FRPSDUHGWRWKHFRUUHVSRQGLQJEDVHOLQH
UHVXOWV7KHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶
HTXDWLRQVDQGEHWZHHQWKHWZRVHWVRI6DQGHUV¶HTXDWLRQVDUHIRUWKHPRVWSDUWOHVVWKDQIRU
≤/5≤+RZHYHUIRU/5!GLIIHUHQFHVDUHODUJHDVDERXWDUHIRXQG$V/5
DSSURDFKHVWKHFXUYHVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQGE\XVLQJ6DQGHUV¶HTXDWLRQV
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
ZLWKGHDGSUHVVXUHDV\PSWRWLFDOO\DSSURDFKWKHYDOXH  7KHFXUYHREWDLQHGE\XVLQJ
6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDV\PSWRWLFDOO\DSSURDFKHVWKHYDOXH  7KHVH
DV\PSWRWLFUHVXOWVFRUUHVSRQGWRWKHP DQGQ IODWWHQHGF\OLQGHUEXFNOLQJPRGH
7KHUHVXOWVLQILJXUHVDQGDQGRWKHUUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\LQGLFDWHWKDW
WKHVWULQJHUSURSHUWLHVKDYHQRHIIHFWRQWKHDV\PSWRWLFUHVSRQVHRIWKHF\OLQGHUVORDGHGE\
XQLIRUPH[WHUQDOSUHVVXUH,QFRQWUDVWWKHUHVXOWVLQILJXUHVDQGRWKHUUHVXOWVREWDLQHGLQ
WKHSUHVHQWVWXG\VKRZWKDWWKHULQJSURSHUWLHVKDYHDVLJQLILFDQWHIIHFW0RUHRYHUWKHUHVXOWV
LQGLFDWHWKDWWKHDV\PSWRWLFUHVXOWVFRUUHVSRQGWRWKHP DQGQ IODWWHQHGF\OLQGHU
EXFNOLQJPRGHLQDOPRVWDOOFDVHV7KHH[FHSWLRQVDUHIRUF\OLQGHUVZLWKH[WHUQDOHFFHQWULFULQJV
VHHILJXUHVDQG$FORVHGIRUPH[SUHVVLRQIRUWKHDV\PSWRWLFUHVSRQVHRI
H[WUHPHO\ORQJF\OLQGHUVWKDWEXFNOHLQWRWKHP DQGQ IODWWHQLQJPRGHVEDVHGRQ
6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHZDVREWDLQHGLQWKHSUHVHQWVWXG\DVIROORZV)LUVWWKH
F\OLQGHUOHQJWK/LVH[SUHVVHGDV/ 5nVXFKWKDWn→DV/5→∞1H[W/ 5nLV
VXEVWLWXWHGLQWRHTXDWLRQVWRHOLPLQDWH/IURPHTXDWLRQ(TXDWLRQLVWKHQPXOWLSOLHG
WKURXJKE\WKHODUJHVWSRZHURInDSSHDULQJLQDQ\RILWVGHQRPLQDWRUV7KHQWKHOLPLWRIHTXDWLRQ
LVIRXQGDVn→DQGWKHUHVXOWLQJHTXDWLRQLVVROYHGIRUWKHORDGLQJSDUDPHWHU7KLVSURFHVV
\LHOGV
 
ZKHUHWKHVWLIIQHVVWHUPVDUHJLYHQE\HTXDWLRQV)RUDPRQRFRTXHLVRWURSLFF\OLQGHUWKLV
HTXDWLRQUHGXFHVWR

)RU'RQQHOO¶VHTXDWLRQVDQGIRU6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHWKLVSURFHVV\LHOGV
 
(TXDWLRQVDQG\LHOGUHVXOWVWKDWDUHLQH[DFWDJUHHPHQWZLWKWKHFRUUHVSRQGLQJ
DV\PSWRWLFUHVXOWVSUHVHQWHGKHUHLQH[FHSWIRUWKHF\OLQGHUVZLWKHFFHQWULFH[WHUQDOULQJV)RU
WKHVHH[FHSWLRQVGLIIHUHQFHVDUHH[SHFWHGVLQFHWKH\GLGQRWEXFNOHLQWRWKHP DQGQ 
IODWWHQHGF\OLQGHUPRGH:LWKRQHH[FHSWLRQWKHGLIIHUHQFHVLQWKHFRUUHVSRQGLQJDV\PSWRWLF
UHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQV6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUH6DQGHUV¶
HTXDWLRQVZLWKOLYHSUHVVXUHDQGHTXDWLRQVDQGDUHOHVVWKDQDSSUR[LPDWHO\$
GLIIHUHQFHRIZDVIRXQGEHWZHHQWKHUHVXOWSUHGLFWHGE\6DQGHUV¶HTXDWLRQVZLWKGHDG
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SUHVVXUHDQGHTXDWLRQIRUWKHF\OLQGHUZLWK5K DQGHUK 
8QLIRUPK\GURVWDWLFSUHVVXUHORDGV5HVXOWVIRUULQJVWLIIHQHGLVRWURSLFF\OLQGHUVVXEMHFWHG
WRXQLIRUPK\GURVWDWLFSUHVVXUHDUHSUHVHQWHGLQ7DEOHVDQGIRUVHOHFWHGYDOXHVRIWKHUDGLXV
WRWKLFNQHVVUDWLRV≤5K≤DQGWKHOHQJWKWRUDGLXVUDWLR≤/5≤6SHFLILFDOO\
WKHSUHGLFWHGYDOXHVRIWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUH REWDLQHGE\6LQJHU%DUXFK
DQG+DUDULDQGREWDLQHGLQWKHSUHVHQWVWXG\DUHVKRZQIRUF\OLQGHUVZLWKWKHJHQHULFULQJ
SURSHUWLHVDUHJLYHQE\  DQG-U ZKHUH$ULVWKHFURVVVHFWLRQDODUHDGU
LVWKHULQJVSDFLQJ LVWKHFHQWURLGDOPRPHQWRILQHUWLDDQG-ULVWKHWRUVLRQFRQVWDQW
0RUHRYHUWKHUHVXOWVLQ7DEOHDQGDUHIRUF\OLQGHUVZLWKHUK RXWZDUGDQG
LQZDUGUHVSHFWLYHO\,QDGGLWLRQWKHUHVXOWVEDVHGRQ'RQQHOO¶VHTXDWLRQVFRUUHVSRQGWRGHDG
SUHVVXUHORDGVZKHUHDVWKRVHEDVHGRQ6DQGHUV¶HTXDWLRQVDUHIRUOLYHSUHVVXUHORDGV7KHUHVXOWV
LQWKHVHWDEOHVVKRZGLIIHUHQFHVOHVVWKDQLQWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUHV
REWDLQHGLQWKHSUHVHQWVWXG\DQGLQUHIHUHQFHVDQGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQGLQ
PDQ\FDVHVDUHLQFRPSOHWHDJUHHPHQW$GGLWLRQDOO\WKHUHVXOWVRIWKHSUHVHQWVWXG\REWDLQHGE\
XVLQJ6DQGHUV¶HTXDWLRQVLQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDO\LHOGV
GLIIHUHQFHVLQWKHEXFNOLQJORDGVWKDWDUHOHVVWKDQDSSUR[LPDWHO\6LPLODUO\WKHGLIIHUHQFHV
EHWZHHQFRUUHVSRQGLQJEXFNOLQJORDGVREWDLQHGE\XVLQJ6DQGHUV¶DQG'RQQHOO¶VHTXDWLRQVDUH
OHVVWKDQDSSUR[LPDWHO\DQGLQPDQ\FDVHVDUHOHVVWKDQ
5HVXOWVDUHSUHVHQWHGLQ7DEOHWKDWVKRZWKHSUHGLFWHGYDOXHVRIWKHQRQGLPHQVLRQDO
EXFNOLQJSUHVVXUH REWDLQHGE\6LQJHU%DUXFKDQG+DUDULDQGREWDLQHGLQWKHSUHVHQW
VWXG\IRUJHQHULFVWULQJHUVWLIIHQHGLVRWURSLFF\OLQGHUVIRUDPRGHUDWHUDQJHRIF\OLQGHU
JHRPHWULHV,QSDUWLFXODUUHVXOWVDUHJLYHQIRUOHQJWKWRUDGLXVUDWLRV≤/5≤DQGIRUUDGLXV
WRWKLFNQHVVUDWLRVLQWKHUDQJH≤5K≤7KHJHQHULFVWULQJHUSURSHUWLHVDUHJLYHQE\
 DQG-V ZKHUH$VLVWKHFURVVVHFWLRQDODUHDGVLVWKHVWULQJHUVSDFLQJ
LVWKHFHQWURLGDOPRPHQWRILQHUWLDDQG-VLVWKHWRUVLRQFRQVWDQW$GGLWLRQDOO\UHVXOWVDUH
JLYHQIRUF\OLQGHUVZLWKHLWKHUH[WHUQDORULQWHUQDOVWULQJHUVKDYLQJWKHHFFHQWULFLWLHVHVK 
DQGUHVSHFWLYHO\0RUHRYHUWKHUHVXOWVEDVHGRQ'RQQHOO¶VHTXDWLRQVFRUUHVSRQGWRGHDG
SUHVVXUHORDGVDQGWKRVHEDVHGRQ6DQGHUV¶HTXDWLRQVDUHIRUOLYHSUHVVXUHORDGV7KHUHVXOWVLQ
WKLVWDEOHDOVRVKRZGLIIHUHQFHVOHVVWKDQLQWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUHVREWDLQHG
LQWKHSUHVHQWVWXG\DQGLQUHIHUHQFHVDQGE\XVLQJ'RQQHOO¶VHTXDWLRQV$GGLWLRQDOO\WKH
UHVXOWVRIWKHSUHVHQWVWXG\REWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVLQGLFDWHWKDWQHJOHFWLQJWKH
QRQOLQHDUURWDWLRQVDERXWWKHQRUPDO\LHOGVGLIIHUHQFHVLQWKHEXFNOLQJORDGVWKDWDUHOHVVWKDQ
DSSUR[LPDWHO\6LPLODUO\WKHGLIIHUHQFHVEHWZHHQFRUUHVSRQGLQJEXFNOLQJORDGVREWDLQHGE\
XVLQJ6DQGHUV¶DQG'RQQHOO¶VHTXDWLRQVDUHOHVVWKDQDSSUR[LPDWHO\
7KHHIIHFWVRIYDULDWLRQVLQWKHULQJVHFWLRQSURSHUWLHVRQWKHQRQGLPHQVLRQDOEXFNOLQJ
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SUHVVXUH REWDLQHGE\6LQJHU%DUXFKDQG+DUDULDQGREWDLQHGLQWKHSUHVHQWVWXG\IRU
JHQHULFULQJVWLIIHQHGLVRWURSLFF\OLQGHUVZLWK/5 DQG≤5K≤DUHSUHVHQWHGLQ
7DEOHVDQGIRUHFFHQWULFLWLHVHUK DQGUHVSHFWLYHO\7KHUDQJHVRIWKHULQJVHFWLRQ
SURSHUWLHVDUHJLYHQE\ DQG ,QDGGLWLRQWKHUHVXOWVEDVHGRQ
'RQQHOO¶VHTXDWLRQVFRUUHVSRQGWRGHDGSUHVVXUHORDGVZKHUHDVWKRVHEDVHGRQ6DQGHUV¶
HTXDWLRQVDUHIRUOLYHSUHVVXUHORDGV7KHUHVXOWVLQWKHVHWDEOHVVKRZGLIIHUHQFHVOHVVWKDQ
LQWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUHVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQUHIHUHQFHE\
XVLQJ'RQQHOO¶VHTXDWLRQVDQGLQPDQ\FDVHVDUHLQFRPSOHWHDJUHHPHQW$GGLWLRQDOO\WKHUHVXOWV
RIWKHSUHVHQWVWXG\REWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVLQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDU
URWDWLRQVDERXWWKHQRUPDO\LHOGVGLIIHUHQFHVLQWKHEXFNOLQJORDGVWKDWDUHOHVVWKDQ/LNHZLVH
WKHGLIIHUHQFHVEHWZHHQFRUUHVSRQGLQJEXFNOLQJORDGVREWDLQHGE\XVLQJ6DQGHUV¶DQG'RQQHOO¶V
HTXDWLRQVDUHOHVVWKDQ
5HVXOWVIRUWKHVDPHVHFWLRQSURSHUW\YDULDWLRQVUDGLXVWRWKLFNQHVVUDWLRVDQGULQJ
HFFHQWULFLWLHVXVHGWRJHQHUDWH7DEOHVDQGDUHSUHVHQWHGLQ7DEOHVDQGIRUULQJ
VWLIIHQHGLVRWURSLFF\OLQGHUVZLWK/5 $GGLWLRQDOO\VLPLODUUHVXOWVDUHSUHVHQWHGLQ7DEOH
IRUULQJVWLIIHQHGLVRWURSLFF\OLQGHUVZLWK/5 DQG5K )RUHDFKWDEOHWKHUHVXOWV
EDVHGRQ6DQGHUV¶HTXDWLRQVDUHIRUOLYHSUHVVXUHORDGV7KHUHVXOWVLQWKHVHWKUHHWDEOHVVKRZ
LGHQWLFDOSUHGLFWLRQVRIWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUHVREWDLQHGLQWKHSUHVHQWVWXG\DQG
LQUHIHUHQFHE\XVLQJ'RQQHOO¶VHTXDWLRQVLQDOPRVWHYHU\FDVH2QHQRWDEOHH[FHSWLRQDSSHDUV
LQWKHODVWURZ7DEOHZKLFKFRUUHVSRQGVWRDGLIIHUHQFH$GGLWLRQDOO\WKHUHVXOWVRIWKH
SUHVHQWVWXG\REWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVLQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQV
DERXWWKHQRUPDO\LHOGVGLIIHUHQFHVLQWKHEXFNOLQJORDGVWKDWDUHOHVVWKDQDQGLQPRVWFDVHV
OHVVWKDQ/LNHZLVHWKHGLIIHUHQFHVEHWZHHQFRUUHVSRQGLQJEXFNOLQJORDGVREWDLQHGE\XVLQJ
6DQGHUV¶DQG'RQQHOO¶VHTXDWLRQVDUHOHVVWKDQDQGLQPRVWFDVHVOHVVWKDQ
7KHHIIHFWVRIYDULDWLRQVLQWKHULQJHFFHQWULFLW\RQWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUH
REWDLQHGE\6LQJHU%DUXFKDQG+DUDULDQGREWDLQHGLQWKHSUHVHQWVWXG\IRUJHQHULFULQJ
VWLIIHQHGLVRWURSLFF\OLQGHUVZLWK/5 DQGZLWK5K DQGDUHSUHVHQWHGLQ7DEOH
0RUHRYHUUHVXOWVDUHSUHVHQWHGIRUVHOHFWHGYDOXHVRIWKHULQJHFFHQWULFLW\JLYHQE\≤HUK
≤7KHULQJVHFWLRQSURSHUWLHVDUHJLYHQE\  DQG-U ,QDGGLWLRQWKH
UHVXOWVEDVHGRQ'RQQHOO¶VHTXDWLRQVFRUUHVSRQGWRGHDGSUHVVXUHORDGVZKHUHDVWKRVHEDVHGRQ
6DQGHUV¶HTXDWLRQVDUHIRUOLYHSUHVVXUHORDGV7KHUHVXOWVLQWKLVWDEOHVKRZGLIIHUHQFHVOHVVWKDQ
LQWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUHVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQUHIHUHQFH
E\XVLQJ'RQQHOO¶VHTXDWLRQVDQGLQPDQ\FDVHVDUHLQFRPSOHWHDJUHHPHQW,QDGGLWLRQWKH
UHVXOWVRIWKHSUHVHQWVWXG\REWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVLQGLFDWHWKDWQHJOHFWLQJWKH
QRQOLQHDUURWDWLRQVDERXWWKHQRUPDO\LHOGVGLIIHUHQFHVLQWKHEXFNOLQJORDGVWKDWDUHOHVVWKDQ
/LNHZLVHWKHGLIIHUHQFHVEHWZHHQFRUUHVSRQGLQJEXFNOLQJORDGVREWDLQHGE\XVLQJ6DQGHUV¶DQG
'RQQHOO¶VHTXDWLRQVDUHOHVVWKDQ
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5HVXOWVVLPLODUWRWKRVHJLYHQLQ7DEOHDUHSUHVHQWHGLQ7DEOHIRU/5 DQG≤
5K≤DQGLQ7DEOHIRU/5 DQG5K 7KHUHVXOWVLQWKHVHWDEOHVVKRZQR
GLIIHUHQFHVLQWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUHVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQ
UHIHUHQFHE\XVLQJ'RQQHOO¶VHTXDWLRQVH[FHSWIRUWZRFDVHVZKLFKH[KLELWGLIIHUHQFHVOHVV
WKDQ,QDGGLWLRQWKHUHVXOWVRIWKHSUHVHQWVWXG\REWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQV
LQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDO\LHOGVGLIIHUHQFHVLQWKHEXFNOLQJ
ORDGVWKDWDUHOHVVWKDQDQGLQPDQ\FDVHVPXFKVPDOOHU/LNHZLVHWKHGLIIHUHQFHVEHWZHHQ
FRUUHVSRQGLQJEXFNOLQJORDGVREWDLQHGE\XVLQJ6DQGHUV¶DQG'RQQHOO¶VHTXDWLRQVDUHOHVVWKDQ
DQGLQPDQ\FDVHVPXFKVPDOOHU
7KHFRPELQHGHIIHFWVRIYDULDWLRQVLQWKHULQJHFFHQWULFLW\DQGULQJVHFWLRQSURSHUWLHVRQWKH
QRQGLPHQVLRQDOEXFNOLQJSUHVVXUH REWDLQHGE\6LQJHU%DUXFKDQG+DUDULDQGREWDLQHG
LQWKHSUHVHQWVWXG\IRUJHQHULFULQJVWLIIHQHGLVRWURSLFF\OLQGHUVZLWK/5 DQGIRU5K 
DQGDUHSUHVHQWHGLQ7DEOH7KHUDQJHVRIWKHVWLIIHQHUVHFWLRQSURSHUWLHVDUHJLYHQE\
DQG 0RUHRYHU-U DQGWKHULQJHFFHQWULFLW\JLYHQE\≤HU
K≤,QDGGLWLRQWKHUHVXOWVEDVHGRQ'RQQHOO¶VHTXDWLRQVFRUUHVSRQGWRGHDGSUHVVXUHORDGV
ZKHUHDVWKRVHEDVHGRQ6DQGHUV¶HTXDWLRQVDUHIRUOLYHSUHVVXUHORDGV7KHUHVXOWVLQWKLVWDEOH
DOVRVKRZGLIIHUHQFHVOHVVWKDQLQWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUHVREWDLQHGLQWKH
SUHVHQWVWXG\DQGLQUHIHUHQFHE\XVLQJ'RQQHOO¶VHTXDWLRQVDQGLQPDQ\FDVHVDUHLQFRPSOHWH
DJUHHPHQW,QDGGLWLRQWKHUHVXOWVRIWKHSUHVHQWVWXG\REWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQV
LQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDO\LHOGVGLIIHUHQFHVLQWKHEXFNOLQJ
ORDGVWKDWDUHOHVVWKDQ/LNHZLVHWKHGLIIHUHQFHVEHWZHHQFRUUHVSRQGLQJEXFNOLQJORDGV
REWDLQHGE\XVLQJ6DQGHUV¶DQG'RQQHOO¶VHTXDWLRQVDUHOHVVWKDQ
7KHHIIHFWVRIOHQJWKWRUDGLXVUDWLR/5IRUWKHUDQJH≤/5≤RQWKHQRQGLPHQVLRQDO
EXFNOLQJSUHVVXUH REWDLQHGE\6LQJHU%DUXFKDQG+DUDULDQGREWDLQHGLQWKHSUHVHQW
VWXG\IRUJHQHULFULQJVWLIIHQHGLVRWURSLFF\OLQGHUVDUHSUHVHQWHGLQ7DEOHVIRUVHOHFWHG
YDOXHVRI≤5K≤7KHUHVXOWVLQ7DEOHDQGDUHIRU  DQGIRU
HUK DQGUHVSHFWLYHO\7KHUHVXOWVLQ7DEOHDUHIRU  DQGHUK 
)RUDOOWKUHHWDEOHVWKHUHVXOWVDUHEDVHGRQ-U )RUERWKWDEOHVWKHUHVXOWVEDVHGRQ
'RQQHOO¶VHTXDWLRQVFRUUHVSRQGWRGHDGSUHVVXUHORDGVDQGWKRVHEDVHGRQ6DQGHUV¶HTXDWLRQVDUH
IRUOLYHSUHVVXUHORDGV
7KHUHVXOWVLQ7DEOHVDOVRVKRZGLIIHUHQFHVOHVVWKDQLQWKHQRQGLPHQVLRQDO
EXFNOLQJSUHVVXUHVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQUHIHUHQFHE\XVLQJ'RQQHOO¶VHTXDWLRQV
DQGLQPDQ\FDVHVDUHLQFRPSOHWHDJUHHPHQW,QDGGLWLRQWKHUHVXOWVRIWKHSUHVHQWVWXG\REWDLQHG
E\XVLQJ6DQGHUV¶HTXDWLRQVLQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDO
\LHOGVGLIIHUHQFHVLQWKHEXFNOLQJORDGVWKDWDUHOHVVWKDQDSSUR[LPDWHO\7KHGLIIHUHQFHV
EHWZHHQFRUUHVSRQGLQJEXFNOLQJORDGVREWDLQHGE\XVLQJ6DQGHUV¶DQG'RQQHOO¶VHTXDWLRQVDUH
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OHVVWKDQDQGLQPDQ\FDVHVOHVVWKDQ
5HVXOWVDUHSUHVHQWHGLQ7DEOHVDQGWKDWVKRZWKHSUHGLFWHGYDOXHVRIWKH
QRQGLPHQVLRQDOEXFNOLQJSUHVVXUH REWDLQHGE\%DUXFKDQG6LQJHUDQGREWDLQHGLQWKH
SUHVHQWVWXG\IRULVRWURSLFF\OLQGHUVVWLIIHQHGE\HLWKHUVWULQJHUVULQJVRUULQJVDQGVWULQJHUV
7KHVHUHVXOWVFRUUHVSRQGWRVRPHYHU\VSHFLILFF\OLQGHUFRQILJXUDWLRQV,QSDUWLFXODUWKHUHVXOWV
LQ7DEOHFRUUHVSRQGWRWKHZDOOWKLFNQHVVK LQ5K /5 DQGWKH
VWLIIHQHUVSDFLQJVGV5 GU5 0RUHRYHURQHVHWRIUHVXOWVDSSHDUVLQ7DEOHIRUWKH
VWLIIHQHUSURSHUWLHV DQG DQGVWLIIHQHUHFFHQWULFLWHV
HTXDOWR$VHFRQGVHWDSSHDUVIRUVWULQJHUVWLIIHQHGF\OLQGHUV  
DQGHVK 7KHUHVXOWVLQ7DEOHFRUUHVSRQGWRWKHZDOOWKLFNQHVVK LQ5K 
/5 DQGWKHVWLIIHQHUVSDFLQJVGV5 GU5 7KHVWLIIHQHUSURSHUWLHV
DUHJLYHQE\ DQG DQGWKHVWLIIHQHUHFFHQWULFLWHVDUH
HTXDOWR)RUERWKWDEOHVWKHUHVXOWVEDVHGRQ'RQQHOO¶VHTXDWLRQVFRUUHVSRQGWRGHDG
SUHVVXUHORDGVDQGWKRVHEDVHGRQ6DQGHUV¶HTXDWLRQVDUHIRUOLYHSUHVVXUHORDGV
7KHUHVXOWVLQ7DEOHVDQGVKRZGLIIHUHQFHVOHVVWKDQDSSUR[LPDWHO\LQWKH
QRQGLPHQVLRQDOEXFNOLQJSUHVVXUHVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQUHIHUHQFHE\XVLQJ
'RQQHOO¶VHTXDWLRQV,QDGGLWLRQWKHUHVXOWVRIWKHSUHVHQWVWXG\REWDLQHGE\XVLQJ6DQGHUV¶
HTXDWLRQVLQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDO\LHOGVGLIIHUHQFHVLQ
WKHEXFNOLQJORDGVWKDWDUHOHVVWKDQDSSUR[LPDWHO\7KHGLIIHUHQFHVEHWZHHQFRUUHVSRQGLQJ
EXFNOLQJORDGVREWDLQHGE\XVLQJ6DQGHUV¶DQG'RQQHOO¶VHTXDWLRQVDUHEHWZHHQDQGIRU
WKHF\OLQGHUVSURSHUWLHVLQ7DEOHDQGEHWZHHQDSSUR[LPDWHO\DQGIRUWKHF\OLQGHUV
SURSHUWLHVLQ7DEOH
5HVXOWVDUHSUHVHQWHGLQ7DEOHWKDWVKRZWKHSUHGLFWHGEXFNOLQJSUHVVXUHREWDLQHGE\
0F(OPDQ0LNXODVDQG6WHLQDQGREWDLQHGLQWKHSUHVHQWVWXG\IRULVRWURSLFF\OLQGHUVVWLIIHQHG
E\HLWKHUVWULQJHUVULQJVRUULQJVDQGVWULQJHUV7KHVHUHVXOWVFRUUHVSRQGWRF\OLQGHU
FRQILJXUDWLRQVZLWKEODGHVWLIIHQHUV7KHF\OLQGHUVKDYHDZDOOWKLFNQHVVK LQD
PLGVXUIDFHUDGLXV5 LQDQGOHQJWKV/ DQGLQ7KHOHQJWKRILQDV
UHSRUWHGDVLQLQUHIHUHQFHDQGDSSHDUVWREHDPLVWDNH7KHULQJDQGVWULQJHUEODGHVKDYH
DWKLFNQHVVRILQDKHLJKWRILQDQGDUHVSDFHGLQDSDUWRQFHQWHU0RUHRYHU
WKHVWLIIHQHUVDUHDWWDFKHGWRHLWKHUWKHLQVLGHRUWKHRXWVLGHRIWKHF\OLQGHUZKLFKFRUUHVSRQGVWR
DQHFFHQWULFLW\PDJQLWXGHRILQ7KHWRUVLRQDOVWLIIQHVVXVHGLQWKHFDOFXODWLRQVLVJLYHQE\
RQHWKLUGRIWKHEODGHWKLFNQHVVFXEHGWLPHVWKHEODGHKHLJKW$GGLWLRQDOO\WKHUHVXOWVEDVHGRQ
'RQQHOO¶VHTXDWLRQVFRUUHVSRQGWRGHDGSUHVVXUHORDGVDQGWKRVHEDVHGRQ6DQGHUV¶HTXDWLRQVDUH
IRUOLYHSUHVVXUHORDGV
7KHUHVXOWVLQ7DEOHVKRZGLIIHUHQFHVOHVVWKDQDSSUR[LPDWHO\DQGOHVVWKDQLQ
PRVWFDVHVLQWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUHVREWDLQHGLQWKHSUHVHQWVWXG\DQGLQ
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UHIHUHQFHE\XVLQJ'RQQHOO¶VHTXDWLRQVZLWKWZRFXULRXVH[FHSWLRQV6SHFLILFDOO\IRUWKHWZR
F\OLQGHUVZLWK/ LQDQGQRVWULQJHUVWKHGLIIHUHQFHVDUHDSSUR[LPDWHO\DQG,Q
DGGLWLRQWKHUHVXOWVRIWKHSUHVHQWVWXG\REWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVLQGLFDWHWKDW
QHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXWWKHQRUPDO\LHOGVGLIIHUHQFHVLQWKHEXFNOLQJORDGVWKDW
DUHOHVVWKDQDSSUR[LPDWHO\7KHGLIIHUHQFHVEHWZHHQFRUUHVSRQGLQJEXFNOLQJORDGVREWDLQHG
E\XVLQJ6DQGHUV¶DQG'RQQHOO¶VHTXDWLRQVLQFUHDVHZLWKWKHF\OLQGHUOHQJWKDQGDUHDVODUJHDV
DSSUR[LPDWHO\IRUWKHF\OLQGHUVZLWK/ LQ
5HVXOWVDUHSUHVHQWHGLQ7DEOHWKDWVKRZWKHSUHGLFWHGYDOXHVRIWKHQRQGLPHQVLRQDO
EXFNOLQJSUHVVXUH REWDLQHGE\7LDQHWDODQGREWDLQHGLQWKHSUHVHQWVWXG\IRU
LVRWURSLFF\OLQGHUVVWLIIHQHGE\HLWKHULQWHUQDORUH[WHUQDOEODGHVKDSHGULQJV)RUWKHVHF\OLQGHUV
( xSVLν DQG5K 7KHULQJSURSHUWLHVDUHJLYHQE\
DQG-U 7KHULQJVSDFLQJLVJLYHQE\GU5 DQGVDWLVILHV
WKHUHODWLRQ1GU5 /5ZKHUH1LVWKHQXPEHURIULQJV7KHULQJHFFHQWULFLWLHVDUHJLYHQ
E\HUK 
7KHUHVXOWVLQ7DEOHVKRZGLIIHUHQFHVOHVVWKDQDSSUR[LPDWHO\LQWKHQRQGLPHQVLRQDO
EXFNOLQJSUHVVXUHVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUH
DQGLQUHIHUHQFHE\XVLQJDYDULDQWRI6DQGHUV¶HTXDWLRQV,QDGGLWLRQWKHUHVXOWVRIWKHSUHVHQW
VWXG\REWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHLQGLFDWHWKDWQHJOHFWLQJWKH
QRQOLQHDUURWDWLRQVDERXWWKHQRUPDO\LHOGVGLIIHUHQFHVLQWKHEXFNOLQJORDGVWKDWDUHOHVVWKDQ
DSSUR[LPDWHO\7KHGLIIHUHQFHVEHWZHHQFRUUHVSRQGLQJEXFNOLQJORDGVREWDLQHGE\XVLQJ
6DQGHUV¶ZLWKOLYHSUHVVXUHDQG'RQQHOO¶VHTXDWLRQVZLWKGHDGSUHVVXUHDUHEHWZHHQ
DSSUR[LPDWHO\DQG
7KHGLIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFHSUHGLFWLRQVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ
'RQQHOO¶VHTXDWLRQVUHGFXUYHV6DQGHUVHTXDWLRQVZLWKGHDGSUHVVXUHEOXHFXUYHVDQG
6DQGHUVHTXDWLRQVZLWKOLYHSUHVVXUHEODFNFXUYHVDUHLOOXVWUDWHGLQILJXUHVIRUVWULQJHU
VWLIIHQHGDQGIRUULQJVWLIIHQHGF\OLQGHUVZLWKUDGLXVWRWKLFNQHVVUDWLRV5K DQGZLWK
3RLVVRQ¶VUDWLRν DQGZLWK<RXQJ¶VPRGXOXV( xSVL7KHEXFNOLQJUHVLVWDQFH
LVPHDVXUHGE\WKHQRQGLPHQVLRQDOSUHVVXUH IRUYDOXHVRI≤/5≤,QFDOFXODWLQJ
WKHVHUHVXOWVWKHFLUFXPIHUHQWLDOZDYHQXPEHUVQ DQGQ ZHUHXVHGGXHWRWKHSUHVHQFH
RID[LDOFRPSUHVVLRQ)RUWKHEDVHOLQHVWULQJHUFRQILJXUDWLRQJLYHQE\    
 DQG  DQGVKRZQLQILJXUHIRUWKHF\OLQGHUVZLWK5K WKHEOXHDQG
EODFNUHVSRQVHFXUYHVDUHSUDFWLFDOO\LGHQWLFDOWRWKHFRUUHVSRQGLQJFXUYHVVKRZQLQILJXUHIRU
WKHFRUUHVSRQGLQJF\OLQGHUVVXEMHFWHGWRXQLIRUPH[WHUQDOSUHVVXUH0RUHRYHUWKHUHGFXUYHV
VKRZQLQILJXUHVDQGDUHSUDFWLFDOO\LGHQWLFDOIRUYDOXHVRIDSSUR[LPDWHO\/5)RU
ODUJHUYDOXHVRI/5WKHUHGFXUYHREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVGHYLDWHVIURPWKH
DV\PSWRWLFUHVSRQVHWRDFROXPQEXFNOLQJPRGHP Q ,WZDVDOVRIRXQGWKDWHOLPLQDWLQJ
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WKHFLUFXPIHUHQWLDOZDYHQXPEHUVQ DQGQ LQWKHFDOFXODWLRQVEDVHGRQ'RQQHOO¶V
HTXDWLRQVSURGXFHGDUHGFXUYHWKDWLVSUDFWLFDOO\LGHQWLFDOWRWKHFRUUHVSRQGLQJFXUYHVKRZQLQ
ILJXUHIRUXQLIRUPH[WHUQDOSUHVVXUHORDGV%\VXEVWLWXWLQJ LQWRHTXDWLRQ
LWLVIRXQGWKDWWKHFROXPQOLNHEXFNOLQJPRGHVDUHJLYHQE\

5HVXOWVREWDLQHGE\XVLQJWKLVHTXDWLRQLQGLFDWHWKDWWKHEUDQFKRIWKHUHGFXUYH/5≥JLYHQ
E\P Q GRHVQRWFRUUHVSRQGWRWKHDFWXDOFROXPQOLNHEXFNOLQJPRGH0RUHRYHUWKHUHVXOWV
REWDLQHGE\XVLQJ6DQGHU¶VHTXDWLRQVLQGLFDWHWKDWWKHP Q VROXWLRQVDUHHUURQHRXV
/LNHIRUWKHF\OLQGHUVORDGHGE\H[WHUQDOSUHVVXUHWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJ
UHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVZLWKOLYHK\GURVWDWLFSUHVVXUHDQGEHWZHHQ
WKHWZRVHWVRI6DQGHUV¶HTXDWLRQVDUHDOVROHVVWKDQDERXWIRU/5≤)RU/5
GLIIHUHQFHVDUHODUJHDVDUHIRXQG$V/5LQFUHDVHEH\RQGWKHFXUYHVREWDLQHGE\XVLQJ
6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDV\PSWRWLFDOO\DSSURDFKWKHYDOXH  ZKLFKLVWKH
DV\PSWRWLFYDOXHRIWKHFRUUHVSRQGLQJXQVWLIIHQHGF\OLQGHU$GGLWLRQDOO\WKHFXUYHREWDLQHGE\
XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDV\PSWRWLFDOO\DSSURDFKHVWKHYDOXH  ZKLFK
LVDOVRWKHDV\PSWRWLFYDOXHRIWKHFRUUHVSRQGLQJXQVWLIIHQHGF\OLQGHU7KHVHDV\PSWRWLFUHVXOWV
FRUUHVSRQGWRDPD[LPXPGLIIHUHQFHRIDQGWRWKHP DQGQ IODWWHQHGF\OLQGHU
EXFNOLQJPRGHLOOXVWUDWHGLQILJXUH
5HVXOWVZHUHDOVRREWDLQHGLQWKHSUHVHQWVWXG\IRUVWULQJHUVWLIIHQHGF\OLQGHUVZLWK5K 
DQGZLWKWKHYDULRXVPRGLILHGEDVHOLQHFRQILJXUDWLRQVFRQVLGHUHGIRUWKHF\OLQGHUVORDGHGE\
XQLIRUPH[WHUQDOSUHVVXUH6SHFLILFDOO\HLJKWDGGLWLRQDOVHWVRIFXUYHVZHUHREWDLQHGE\
PRGLI\LQJWKHEDVHOLQHVHWRISDUDPHWHUVVXFKWKDW      DQGDQG
 DQG)RUHDFKVHWRIFXUYHVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVEOXHDQG
EODFNFXUYHVWKHSORWVZHUHSUDFWLFDOO\LGHQWLFDOWRWKHFRUUHVSRQGLQJSORWVIRUWKHF\OLQGHUV
ORDGHGE\XQLIRUPH[WHUQDOSUHVVXUHLQFOXGLQJWKHDV\PSWRWLFEHKDYLRURIWKHFXUYHVIRUODUJH
YDOXHVRI/57KHFRUUHVSRQGLQJUHGFXUYHVZHUHDOVRSUDFWLFDOO\LGHQWLFDOIRUWKHYDOXHVRI/5
ZLWKP≠Q≠OLNHWKDWVKRZQLQILJXUHIRUYDOXHVRIDSSUR[LPDWHO\/57KXVLW
DSSHDUVWKDWWKHVWULQJHUFRQILJXUDWLRQDOVRKDVDUHODWLYHO\VPDOOHIIHFWRQWKHK\GURVWDWLF
EXFNOLQJSUHVVXUHRIWKHUHODWLYHO\ORQJF\OLQGHUV

5HVXOWVIRUWKHEDVHOLQHVWULQJHUFRQILJXUDWLRQDQGWKHHLJKWPRGLILFDWLRQVZHUHDOVRREWDLQHG
IRUVWULQJHUVWLIIHQHGF\OLQGHUVZLWK5K )RUHYHU\VWULQJHUFRQILJXUDWLRQWKHUHVSRQVH
FXUYHVDUHSUDFWLFDOO\LGHQWLFDOWRWKHUHVSRQVHFXUYHVREWDLQHGIRUWKHFRUUHVSRQGLQJF\OLQGHUV
ORDGHGE\XQLIRUPH[WHUQDOSUHVVXUH
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5HVXOWVIRUF\OLQGHUVZLWK5K DQGZLWKWKHEDVHOLQHULQJFRQILJXUDWLRQJLYHQE\  
    DQG  DUHVKRZQLQILJXUH7KHEOXHDQGEODFNUHVSRQVH
FXUYHVDUHSUDFWLFDOO\LGHQWLFDOWRWKHFRUUHVSRQGLQJFXUYHVVKRZQLQILJXUHIRUWKH
FRUUHVSRQGLQJF\OLQGHUVVXEMHFWHGWRXQLIRUPH[WHUQDOSUHVVXUH0RUHRYHUWKHUHGFXUYHVVKRZQ
LQILJXUHVDQGDUHSUDFWLFDOO\LGHQWLFDOIRUYDOXHVRIDSSUR[LPDWHO\/5)RUODUJHU
YDOXHVRI/5WKHUHGFXUYHREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVGHYLDWHVIURPWKHDV\PSWRWLF
UHVSRQVHWRDFROXPQEXFNOLQJPRGHP Q ,WZDVDOVRIRXQGWKDWHOLPLQDWLQJWKH
FLUFXPIHUHQWLDOZDYHQXPEHUVQ DQGQ LQWKHFDOFXODWLRQVEDVHGRQ'RQQHOO¶VHTXDWLRQV
SURGXFHGDUHGFXUYHWKDWLVSUDFWLFDOO\LGHQWLFDOWRWKHFRUUHVSRQGLQJFXUYHVKRZQLQILJXUH
IRUXQLIRUPH[WHUQDOSUHVVXUHORDGV%\VXEVWLWXWLQJ LQWRHTXDWLRQLWLVIRXQG
WKDWWKHFROXPQOLNHEXFNOLQJPRGHVDUHJLYHQE\

5HVXOWVREWDLQHGE\XVLQJWKLVHTXDWLRQLQGLFDWHWKDWWKHEUDQFKRIWKHUHGFXUYH/5≥JLYHQ
E\P Q GRHVQRWFRUUHVSRQGWRDFROXPQOLNHEXFNOLQJPRGH0RUHRYHUWKHUHVXOWVREWDLQHG
E\XVLQJ6DQGHU¶VHTXDWLRQVLQGLFDWHWKDWWKHP Q VROXWLRQVDUHHUURQHRXV
5HVXOWVVLPLODUWRWKRVHVKRZQLQILJXUHZHUHREWDLQHGIRUF\OLQGHUVZLWK5K DQG
ZLWKWKHEDVHOLQHULQJFRQILJXUDWLRQPRGLILHGVXFKWKDW  /LNHZLVHUHVXOWVZHUHDOVR
REWDLQHGIRUF\OLQGHUVZLWK5K DQGZLWKWKHEDVHOLQHULQJFRQILJXUDWLRQPRGLILHGVXFKWKDW
     HUK DQGHUK )RUHDFKRIWKHVHVL[FDVHV
FXUYHVWKDWDUHSUDFWLFDOO\LGHQWLFDOWRWRFRUUHVSRQGLQJFXUYHVIRUH[WHUQDOSUHVVXUHORDGHG
F\OLQGHUVZHUHREWDLQHGIRUWKHUHVXOWVEDVHGRQ6DQGHUV¶HTXDWLRQV0RUHRYHUSUDFWLFDOO\
LGHQWLFDOFXUYHVZHUHREWDLQHGIRUWKHUHVXOWVEDVHGRQ'RQQHOO¶VHTXDWLRQVZKHQWKHP Q 
VROXWLRQVDUHRPLWWHG
,QFRQWUDVWWRWKHSUHYLRXVULQJFRQILJXUDWLRQVUHVXOWVDUHSUHVHQWHGLQILJXUHVDQG
IRUF\OLQGHUVZLWK5K DQGZLWKWKHEDVHOLQHULQJFRQILJXUDWLRQPRGLILHGVXFKWKDWHUK 
DQGUHVSHFWLYHO\7KHFXUYHVVKRZQLQWKHVHWZRILJXUHVIRUF\OLQGHUVZLWKVLJQLILFDQW
ULQJHFFHQWULFLW\DUHVXEVWDQWLDOO\GLIIHUHQWIURPWKHFRUUHVSRQGLQJFXUYHVREWDLQHGKHUHLQIRUWKH
H[WHUQDOSUHVVXUHORDGHGF\OLQGHUV7KHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHG
E\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGEHWZHHQWKHWZRVHWVRI6DQGHUV¶HTXDWLRQVVKRZQLQ
ILJXUHDUHSUDFWLFDOO\QHJOLJLEOHIRUYDOXHVRIDSSUR[LPDWHO\/5DQG/5
UHVSHFWLYHO\+RZHYHUDV/5LQFUHDVHVEH\RQGWKHVHYDOXHVGLIIHUHQFHVEHWZHHQWKH
FRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGEHWZHHQWKHWZRVHWVRI
6DQGHUV¶HTXDWLRQVDVODUJHDVDERXWDQGUHVSHFWLYHO\DUHIRXQG7KHGLIIHUHQFHV
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EHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVDQGEHWZHHQ
WKHWZRVHWVRI6DQGHUV¶HTXDWLRQVVKRZQLQILJXUHDUHDOVRSUDFWLFDOO\QHJOLJLEOHIRUYDOXHV
RIDSSUR[LPDWHO\/5DQG/5UHVSHFWLYHO\)RU/5≥WKHGLIIHUHQFHVEHWZHHQ
WKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVGRQRWH[FHHG
DSSUR[LPDWHO\+RZHYHUWKHGLIIHUHQFHVLQWKHUHVXOWVREWDLQHGIURPWKHWZRVHWVRI6DQGHUV¶
HTXDWLRQVLQFUHDVHPRQRWRQLFDOO\IRU/5≥ZLWKDGLIIHUHQFHRIDSSUR[LPDWHO\IRU/5
 
5HVXOWVIRUF\OLQGHUVZLWK5K DQGZLWKWKHEDVHOLQHULQJFRQILJXUDWLRQJLYHQE\
     DQG  ZHUHDOVRREWDLQHGLQWKHSUHVHQWVWXG\,QDGGLWLRQ
UHVXOWVZHUHREWDLQHGIRUF\OLQGHUVZLWK5K DQGZLWKWKHEDVHOLQHULQJFRQILJXUDWLRQ
PRGLILHGVXFKWKDW        HUK DQGHUK 
)RUHDFKRIWKHVHVHYHQFDVHVFXUYHVWKDWDUHSUDFWLFDOO\LGHQWLFDOWRWRFRUUHVSRQGLQJFXUYHVIRU
H[WHUQDOSUHVVXUHORDGHGF\OLQGHUVZHUHREWDLQHGIRUWKHUHVXOWVEDVHGRQ6DQGHUV¶HTXDWLRQVDQG
IRUWKRVHEDVHGRQ'RQQHOO¶VHTXDWLRQV5HVXOWVDUHSUHVHQWHGLQILJXUHVDQGIRUF\OLQGHUV
ZLWK5K DQGZLWKWKHEDVHOLQHULQJFRQILJXUDWLRQPRGLILHGVXFKWKDWHUK DQG
UHVSHFWLYHO\7KHUHVXOWVVKRZQLQILJXUHDUHSUDFWLFDOO\LGHQWLFDOWRWKRVHVKRZQLQILJXUH
IRUWKHFRUUHVSRQGLQJF\OLQGHUVORDGHGE\XQLIRUPH[WHUQDOSUHVVXUHIRUYDOXHVRIDSSUR[LPDWHO\
/5!)RUYDOXHVRI/5≤WKHGLIIHUHQFHVLQWKHUHVXOWVREWDLQHGIURPDOOWKUHHVHWVRI
HTXDWLRQVZHUHIRXQGWREHQHJOLJLEOH/LNHZLVHWKHUHVXOWVVKRZQLQILJXUHDUHSUDFWLFDOO\
LGHQWLFDOWRWKRVHVKRZQLQILJXUHIRUWKHFRUUHVSRQGLQJF\OLQGHUVORDGHGE\XQLIRUPH[WHUQDO
SUHVVXUHIRUYDOXHVRIDSSUR[LPDWHO\/5!0RUHRYHUWKHGLIIHUHQFHVLQWKHUHVXOWVREWDLQHG
IURPDOOWKUHHVHWVRIHTXDWLRQVZHUHIRXQGWREHQHJOLJLEOHIRUYDOXHVRIDSSUR[LPDWHO\/5!
$[LDOFRPSUHVVLRQDQGSUHVVXUHORDGV5HVXOWVDUHSUHVHQWHGLQ7DEOHWKDWVKRZWKH
SUHGLFWHGYDOXHVRIWKHFULWLFDOORDGLQJSDUDPHWHUREWDLQHGE\6FKPLWHWDODQGREWDLQHGLQWKH
SUHVHQWVWXG\IRULVRWURSLFF\OLQGHUVVWLIIHQHGE\LQWHUQDOEODGHVKDSHGULQJVDQGVWULQJHUV7KH
F\OLQGHUVKDYH( xSVLν 5 LQDQG/ LQ5HVXOWVIRUWZRF\OLQGHU
FRQILJXUDWLRQVDUHJLYHQDQGWKHZDOOWKLFNQHVVHVDQGVWLIIHQHUSURSHUWLHVDUHJLYHQLQ7DEOH
7KHWRUVLRQFRQVWDQWIRUWKHULQJVDQGVWULQJHUVDUHJLYHQLQWHUPVRIWKHVWLIIHQHUSURSHUWLHVE\
 
7KHYDOXHVRIWKHFULWLFDOORDGLQJSDUDPHWHUDUHJLYHQIRUVHOHFWHGYDOXHVRIXQLIRUPD[LDO
FRPSUHVVLRQFRPELQHGZLWKHLWKHUXQLIRUPLQWHUQDORUH[WHUQDOSUHVVXUH9DOXHVDUHDOVRJLYHQIRU
SXUHD[LDOFRPSUHVVLRQ7KHUHVXOWVZHUHFRPSXWHGE\XVLQJDYDULDQWRI)OJJH¶VHTXDWLRQVWKDW
DUHEDVHGRQWKHZRUNRI+HGJHSHWKDQG+DOO

7KHUHVXOWVLQ7DEOHVKRZGLIIHUHQFHVOHVVWKDQLQWKHFULWLFDOORDGLQJSDUDPHWHU
REWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDQGLQUHIHUHQFH
E\XVLQJDYDULDQWRI)OJJH¶HTXDWLRQV,QDGGLWLRQWKHUHVXOWVRIWKHSUHVHQWVWXG\REWDLQHGE\
XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHLQGLFDWHWKDWQHJOHFWLQJWKHQRQOLQHDUURWDWLRQVDERXW
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WKHQRUPDO\LHOGVGLIIHUHQFHVLQWKHFULWLFDOORDGLQJSDUDPHWHUVWKDWDUHDOVROHVVWKDQ7KH
GLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJFULWLFDOORDGLQJSDUDPHWHUVREWDLQHGE\XVLQJ6DQGHUV¶
HTXDWLRQVZLWKOLYHSUHVVXUHDQG'RQQHOO¶VHTXDWLRQVZLWKGHDGSUHVVXUHDUHDOVROHVVWKDQ
DSSUR[LPDWHO\

7RUVLRQORDGV5HVXOWVREWDLQHGE\%DUXFKHWDODQGREWDLQHGLQWKHSUHVHQWVWXG\IRU
F\OLQGHUVVXEMHFWHGWRXQLIRUPWRUVLRQDOVKHDUORDGVDQGVWLIIHQHGE\ULQJE\VWULQJHUVRUE\ULQJV
DQGVWULQJHUVDUHSUHVHQWHGLQ7DEOHV)RUHDFKFDVHWKHDSSUR[LPDWH5D\OHLJK5LW]
VROXWLRQSUHVHQWHGKHUHLQZDVXVHGWRFRPSXWHWKHUHVXOWVRIWKHSUHVHQWVWXG\,QSDUWLFXODUWKH
SUHGLFWHGYDOXHVRIWKHQRQGLPHQVLRQDOEXFNOLQJORDG DUHSUHVHQWHGLQ7DEOHIRU
VHOHFWHGYDOXHVRIWKHUDGLXVWRWKLFNQHVVUDWLRV≤5K≤DQGWKHOHQJWKWRUDGLXVUDWLR
≤/5≤7KHVHUHVXOWVFRUUHVSRQGWRULQJVWLIIHQHGF\OLQGHUVZLWKWKHJHQHULFULQJ
SURSHUWLHVJLYHQE\  DQG-U 0RUHRYHUWKHUHVXOWVLQ7DEOHDUHIRU
F\OLQGHUVZLWKHUK RXWZDUGDQGLQZDUGUHVSHFWLYHO\6LPLODUUHVXOWVDUHJLYHQLQ
7DEOHIRUF\OLQGHUVZLWKHUK 7KHUHVXOWVLQ7DEOHVDQGFRUUHVSRQGWRWKHJHQHULF
ULQJSURSHUWLHVJLYHQE\  DQG-U DQGIRUWKHHFFHQWULFLWLHVHUK DQG
UHVSHFWLYHO\
5HVXOWVVKRZLQJWKHHIIHFWVRIYDULDWLRQVLQWKHULQJHFFHQWULFLW\DUHSUHVHQWHGLQ7DEOHIRU
F\OLQGHUVZLWK/5 DQGDQGZLWK5K 7KHVHUHVXOWVDOVRFRUUHVSRQGWRWKHJHQHULF
ULQJSURSHUWLHVJLYHQE\  DQG-U 6LPLODUUHVXOWVVKRZLQJWKHHIIHFWVRI
YDULDWLRQVLQ DQG DUHSUHVHQWHGLQ7DEOHVDQGUHVSHFWLYHO\IRUHUK 
3UHGLFWHGYDOXHVRIWKHQRQGLPHQVLRQDOEXFNOLQJORDG DUHSUHVHQWHGIRUVWULQJHU
VWLIIHQHGF\OLQGHUVLQ7DEOHIRUYDOXHVRIWKHUDGLXVWRWKLFNQHVVUDWLRV5K DQG
DQGIRUWKHOHQJWKWRUDGLXVUDWLR≤/5≤7KHVHUHVXOWVFRUUHVSRQGWRWKHJHQHULFVWULQJHU
SURSHUWLHVJLYHQE\  DQG-V $GGLWLRQDOO\WKHUHVXOWVLQ7DEOHDUHIRU
F\OLQGHUVZLWKHUK 6LPLODUUHVXOWVDUHJLYHQLQ7DEOHIRUF\OLQGHUVVWLIIHQHGE\ULQJV
DQGVWULQJHUVIRUFRPELQDWLRQVRIZLWKHUK DQGZLWKHVK 7KHUHVXOWVLQWKLV7DEOH
FRUUHVSRQGWRWKHJHQHULFVWLIIHQHUSURSHUWLHVJLYHQE\ DQG-V 
-U 

7KHUHVXOWVLQ7DEOHVLQGLFDWHWKDWWKHDSSUR[LPDWH5D\OHLJK5LW]VROXWLRQSUHVHQWHG
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KHUHLQLVIRUWKHPRVWSDUWLQDGHTXDWHIRUSUHGLFWLQJWKHVKHDUEXFNOLQJORDGVRIWKHF\OLQGHUV
FRQVLGHUHG'LIIHUHQFHVVLJQLILFDQWO\JUHDWHUWKDQDUHIRXQGIRUPDQ\F\OLQGHU
FRQILJXUDWLRQVDQGDUHLQGLFDWHGLQWKHWDEOHVE\WKH\HOORZKLJKOLJKWLQJ
8QVWLIIHQHG2UWKRWURSLFDQG/DPLQDWHG&RPSRVLWH&\OLQGHUV
5HVXOWVDUHSUHVHQWHGVXEVHTXHQWO\WKDWLQFOXGHUHVXOWVIRUODPLQDWHGFRPSRVLWHF\OLQGHUV
)RUWKHVHF\OLQGHUVWKHSOLHVDUHSUHVXPHGWRKDYHWKHVDPHWKLFNQHVVXQOHVVQRWHGRWKHUZLVH
0RUHRYHUWKHILUVWSO\LQWKHVWDFNLQJVHTXHQFHLVGHVLJQDWHGDVWKHLQQHUPRVWSO\DQGSO\
RULHQWDWLRQDQJOHVDUHPHDVXUHGZLWKUHVSHFWWRWKHF\OLQGHUVJHQHUDWRUV
$[LDOFRPSUHVVLRQORDGV&RPSDULVRQVIRUXQVWLIIHQHGRUWKRWURSLFDQGODPLQDWHG
FRPSRVLWHF\OLQGHUVVXEMHFWHGWRXQLIRUPD[LDOFRPSUHVVLRQDUHVKRZQLQ7DEOHV)RU
KRPRJHQHRXVRUWKRWURSLFF\OLQGHUVDQGFURVVSO\ODPLQDWHGFRPSRVLWHF\OLQGHUVWKHUHVXOWVRI
WKHSUHVHQWVWXG\ZHUHREWDLQHGE\XVLQJWKHFODVVLFDOVROXWLRQGHVFULEHGKHUHLQ)RUF\OLQGHUV
ZLWKDQJOHSOLHVDQLVRWURSLHVDVVRFLDWHGZLWKWKH$$%%'DQG'FRQVWLWXWLYHWHUPV
DSSHDULQJLQHTXDWLRQDUHJHQHUDOO\SUHVHQW7KHVHDQLVRWURSLHVDUHW\SLFDOO\DVVRFLDWHGZLWK
VNHZHGEXFNOHSDWWHUQVDQGDVDUHVXOWWKHFODVVLFDOVROXWLRQLVLQYDOLG,QWKHSUHVHQWVWXG\WKH
HIIHFWVRIWKHVHDQLVRWURSLHVDUHDSSUR[LPDWHGE\XVLQJWKHWKUHHSDUDPHWHU5D\OHLJK5LW]
VROXWLRQSUHVHQWHGKHUHLQWKDWXWLOL]HVWKHGLVSODFHPHQWIXQFWLRQVGHILQHGE\HTXDWLRQV,WLV
LPSRUWDQWWRQRWHWKDWZKHQWKHVNHZHGQHVVSDUDPHWHUτLVVHWHTXDOWR]HURWKH5D\OHLJK5LW]
VROXWLRQSURGXFHUHVXOWVWKDWDUHLGHQWLFDOWRWKHFODVVLFDOVROXWLRQ,WLVDOVRLPSRUWDQWWRQRWHWKDW
ZKHQXQEDODQFHGDQJOHSOLHVDUHSUHVHQWWKH$DQG$FRQVWLWXWLYHWHUPVDUHJHQHUDOO\QRQ]HUR
DQGHQIRUFHPHQWRI]HURYDOXHGFLUFXPIHUHQWLDOGLVSODFHPHQWERXQGDU\FRQGLWLRQVSURGXFHVD
QRQ]HURVKHDULQJVWUHVVUHVXOWDQWLQWKHSUHEXFNOLQJVWDWH
7KHUHVXOWVLQ7DEOHVKRZWKHSUHGLFWHGYDOXHVRIWKHQRQGLPHQVLRQDOEXFNOLQJORDG
IRUVSHFLDOO\RUWKRWURSLFF\OLQGHUVREWDLQHGE\.DUGRPDWHDVDQGREWDLQHGLQ
WKHSUHVHQWVWXG\DVDIXQFWLRQRIWKHUDWLRRIWKHRXWHUUDGLXVWRWKHLQQHUUDGLXV55)RUWKHVH
F\OLQGHUVWKHOHQJWKLVJLYHQE\/5 DQGWKHUDGLXVWRWKLFNQHVVUDWLR5KLVJLYHQE\
 
,QWKLVWDEOHUHVXOWVDUHJLYHQIRU55 DQG7KHFRUUHVSRQGLQJYDOXHVRI
5KDUHJLYHQE\DQG,QDGGLWLRQWKHUHVXOWVZHUHFDOFXODWHGIRUD
KRPRJHQHRXVRUWKRWURSLFPDWHULDOZLWKWKHSULQFLSDOPDWHULDOSURSHUWLHV( *3D( 
*SD* *3DDQGν 7KHUHVXOWVRIUHIHUHQFHWKDWDUHSUHVHQWHGLQ7DEOH
LQFOXGHQRQGLPHQVLRQDOEXFNOLQJORDGVREWDLQHGE\XVLQJWKHQRQVKDOORZVKHOOHTXDWLRQVJLYHQ
E\%UXVKDQG$OPURWKVHHSSWKDWQHJOHFWOLQHDUDQGQRQOLQHDUURWDWLRQVDERXWWKH
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QRUPDODQGE\XVLQJ7LPRVKHQNR¶VHTXDWLRQV
7KHUHVXOWVLQ7DEOHLQGLFDWHWKDWWKHQRQGLPHQVLRQDOEXFNOLQJORDGVREWDLQHGE\
.DUGRPDWHDVE\XVLQJ7LPRVKHQNR¶VHTXDWLRQVDQGREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ
6DQGHUV¶HTXDWLRQVGLIIHUE\OHVVWKDQ$GGLWLRQDOO\WKHQRQGLPHQVLRQDOEXFNOLQJORDGV
REWDLQHGE\.DUGRPDWHDVE\XVLQJWKHQRQVKDOORZVKHOOHTXDWLRQVJLYHQLQUHIHUHQFHDQG
REWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ6DQGHUV¶HTXDWLRQVZLWKWKHQRQOLQHDUURWDWLRQVDERXWWKH
QRUPDOQHJOHFWHGGLIIHUE\OHVVWKDQIRUWKHWZRWKLQQHUF\OLQGHUVDQGE\DERXWIRUWKH
WZRWKLFNHUF\OLQGHUV0RUHRYHUWKHQRQGLPHQVLRQDOEXFNOLQJORDGVREWDLQHGE\.DUGRPDWHDVE\
XVLQJWKHQRQVKDOORZVKHOOHTXDWLRQVJLYHQLQUHIHUHQFHDQGREWDLQHGLQWKHSUHVHQWVWXG\E\
XVLQJ'RQQHOO¶VHTXDWLRQVDUHQHDUO\LGHQWLFDO7KHUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\DOVR
LQGLFDWHGLIIHUHQFHVLQWKHFRUUHVSRQGLQJSUHGLFWLRQVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQG
6DQGHUV¶HTXDWLRQVWKDWUDQJHIURPDERXWWRZLWKWKHODUJHVWGLIIHUHQFHVEHLQJH[KLELWHG
E\WKHWKLFNHUF\OLQGHUV7KLVVDPHWUHQGLVH[KLELWHGE\WKHWZRVHWVRIUHVXOWVJLYHQE\
.DUGRPDWHDV6LPLODUO\WKHUHVXOWVLQGLFDWHGLIIHUHQFHVLQWKHFRUUHVSRQGLQJSUHGLFWLRQVREWDLQHG
E\XVLQJ'RQQHOO¶VHTXDWLRQVDQG6DQGHUV¶HTXDWLRQVQHJOHFWLQJQRQOLQHDUURWDWLRQVDERXWWKH
QRUPDOWKDWUDQJHIURPDERXWWRZLWKWKHODUJHVWGLIIHUHQFHVEHLQJH[KLELWHGE\WKH
WKLFNHUF\OLQGHUV
&RPSDULVRQVRIWKHYDOXHVSUHGLFWHGKHUHLQIRUWKHQRQGLPHQVLRQDOEXFNOLQJORDG 
ZLWKWKRVHSUHGLFWHGE\-RQHVDQG0RUJDQDQGE\6ROGDWRVDQG7]LYDQLGLVREWDLQHGE\XVLQJ
'RQQHOO¶VHTXDWLRQVDUHVKRZQLQ7DEOHIRUF\OLQGHUVZLWKPDQWLV\PPHWULFFURVVSO\
ODPLQDWHGFRPSRVLWHZDOOV7KHVHUHVXOWVDUHIRUF\OLQGHUVZLWKDUDGLXV5 LQDZDOO
WKLFNQHVVK LQDQGIRUYDOXHVRIWKHVWDFNLQJVHTXHQFHLQGH[P DQG∞7KHILUVW
SO\LQWKHVWDFNLQJVHTXHQFHLVWKHLQQHUPRVWSO\DQGLWVPDMRUSULQFLSDOD[LVLVGHJUHHVIURP
WKHF\OLQGHUD[LV7KHODPLQDPDWHULDOSURSHUWLHVDUH( xSVL( xSVL* 
xSVLDQGν 7KHUHVXOWVSUHVHQWHGLQWKLVWDEOHDUHIRUYDOXHVRIWKHF\OLQGHU
OHQJWK/ DQGLQ2QO\UHVXOWVIRUWKHF\OLQGHUVZLWK/ LQDUH
JLYHQE\6ROGDWRVDQG7]LYDQLGLV
7KHUHVXOWVLQ7DEOHVKRZWKDWWKHGLIIHUHQFHVEHWZHHQWKHSUHGLFWHGEXFNOLQJORDGV
REWDLQHGE\-RQHVDQG0RUJDQ6ROGDWRVDQG7]LYDQLGLVDQGWKHSUHVHQWVWXG\RIOHVVWKDQIRU
WKHF\OLQGHUVZLWK/ LQ)RUWKHORQJHUVKHOOVVXEVWDQWLDOO\ODUJHUGLIIHUHQFHVDUHVHHQWKDW
UDQJHIURPDSSUR[LPDWHO\WR)URPDSULYDWHFRPPXQLFDWLRQLWZDVIRXQGWKDW:HDYHU
REWDLQHGUHVXOWVEDVHGRQ'RQQHOO¶VHTXDWLRQVIRUDOOFDVHVVKRZQLQ7DEOHWKDWDUHSUDFWLFDOO\
LGHQWLFDOWRWKRVHREWDLQHGLQWKHSUHVHQWVWXG\7KHUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\DOVR
LQGLFDWHWKDWQHJOHFWLQJQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOLQ6DQGHUV¶HTXDWLRQV\LHOGV
GLIIHUHQFHVOHVVWKDQ6LPLODUO\WKHGLIIHUHQFHVEHWZHHQFRUUHVSRQGLQJUHVXOWVREWDLQHGE\
XVLQJ6DQGHUV¶HTXDWLRQVDQG'RQQHOO¶VHTXDWLRQVDUHDWPRVWDSSUR[LPDWHO\
9DOXHVRIWKHSUHGLFWHGQRQGLPHQVLRQDOEXFNOLQJORDG REWDLQHGE\6ROGDWRVDQG
7]LYDQLGLVE\XVLQJ'RQQHOO¶VHTXDWLRQVDQGREWDLQHGLQWKHSUHVHQWVWXG\DUHJLYHQLQ7DEOH
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IRUF\OLQGHUVZLWKPXQV\PPHWULFFURVVSO\ODPLQDWHGFRPSRVLWHZDOOV7KHVHUHVXOWV
DUHDOVRIRUF\OLQGHUVZLWKDOHQJWK/ LQDUDGLXV5 LQDZDOOWKLFNQHVVK LQ
DQGIRUYDOXHVRIWKHVWDFNLQJVHTXHQFHLQGH[P DQG7KHPDMRUSULQFLSDOD[LV
RIWKHILUVWSO\LVDOLJQHGZLWKWKHF\OLQGHUD[LVDQGWKHODPLQDPDWHULDOSURSHUWLHVDUHWKHVDPH
DVWKRVHXVHGWRJHQHUDWH7DEOH,QVSHFWLRQRI7DEOHUHYHDOVWKDWWKHUHVXOWVREWDLQHGE\
6ROGDWRVDQG7]LYDQLGLVDUHDOPRVWFRPSOHWHO\LGHQWLFDOWRWKHUHVXOWVREWDLQHGLQWKHSUHVHQW
VWXG\7KHUHVXOWVLQ7DEOHDOVRVKRZQHJOHFWLQJQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOLQ
6DQGHUV¶HTXDWLRQVSURGXFHVQHJOLJLEOHGLIIHUHQFHV$GGLWLRQDOO\WKHGLIIHUHQFHVEHWZHHQWKH
FRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQG6DQGHUV¶HTXDWLRQVDUHOHVVWKDQ

5HVXOWVVLPLODUWRWKRVHJLYHQLQ7DEOHDUHSUHVHQWHGLQ7DEOHIRUF\OLQGHUVZLWKP
XQV\PPHWULFFURVVSO\ODPLQDWHGFRPSRVLWHZDOOVDQGIRUF\OLQGHUVZLWKDOOGHJUHHSOLHV
7KHVHUHVXOWVDUHDOVRIRUF\OLQGHUVZLWKDOHQJWK/ LQDUDGLXV5 LQDZDOO
WKLFNQHVVK LQDQGIRUYDOXHVRIWKHVWDFNLQJVHTXHQFHLQGH[P DQG
0RUHRYHUWKHODPLQDPDWHULDOSURSHUWLHVDUHLGHQWLFDOWRWKRVHXVHGLQJHQHUDWLQJ7DEOH
5HVXOWVREWDLQHGE\-RQHVDQG0RUJDQDQGE\6KHQREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQV
GLIIHUIURPWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\E\DWPRVWDQGDUH
LGHQWLFDOLQVHYHUDOFDVHV7KHUHVXOWVLQ7DEOHDOVRVKRZQHJOHFWLQJQRQOLQHDUURWDWLRQVDERXW
WKHQRUPDOLQ6DQGHUV¶HTXDWLRQVSURGXFHVGLIIHUHQFHVOHVVWKDQDQGWKHGLIIHUHQFHVEHWZHHQ
WKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQG6DQGHUV¶HTXDWLRQVDUHOHVV
WKDQ
$GGLWLRQDOUHVXOWVIRUFURVVSO\ODPLQDWHGFRPSRVLWHF\OLQGHUVZLWKWKHODPLQDPDWHULDO
SURSHUWLHV( xSVL( xSVL* xSVLDQGν DUHSUHVHQWHG
LQ7DEOHV,Q7DEOHVDQGWKHQRQGLPHQVLRQDOEXFNOLQJORDGLVJLYHQE\ DQGLQ
7DEOHE\ ZKHUH$LVWKHFLUFXPIHUHQWLDOH[WHQVLRQDOVWLIIQHVV7KHUHVXOWVLQ7DEOH
DUHIRUF\OLQGHUVZLWK/5 DQG5K DQGWKHUHVXOWVLQ7DEOHDUHIRUF\OLQGHUVZLWK/
5 DQG5K 7KHUHVXOWVLQ7DEOHDUHIRUVHOHFWHGYDOXHVRI≤/≤DQG≤5
≤WKDWFRUUHVSRQGWRWZRJURXSVRIUHVXOWVWKDWLVRQHZLWK/5 DQGWKHRWKHUZLWK/5
 )RUDOOWKUHHWDEOHVDZDOOWKLFNQHVVK LQZDVXVHGWRFRPSXWHWKHUHVXOWV
7KHUHVXOWVLQ7DEOHREWDLQHGE\.KGHLUHWDOXVLQJ'RQQHOO¶VHTXDWLRQVGLIIHUIURPWKH
FRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\E\DSSUR[LPDWHO\WR,QFRQWUDVWWKH
UHVXOWVLQ7DEOHREWDLQHGE\1RVLHUDQG5HGG\XVLQJ'RQQHOO¶VHTXDWLRQVDUHLGHQWLFDOWRWKH
FRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\/LNHZLVHWKHUHVXOWVLQ7DEOHREWDLQHGE\
,XDQG&KLDXVLQJ'RQQHOO¶VHTXDWLRQVDUHLGHQWLFDOWRWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKH
SUHVHQWVWXG\ZLWKWZRH[FHSWLRQV6SHFLILFDOO\IRUWKHF\OLQGHUVZLWK/ 5 LQDQGZLWK
/ 5 LQWKHGLIIHUHQFHVZLWKWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\DUH
DSSUR[LPDWHO\DQGUHVSHFWLYHO\)URPDSULYDWHFRPPXQLFDWLRQLWZDVIRXQGWKDW
:HDYHUREWDLQHGUHVXOWVEDVHGRQ'RQQHOO¶VHTXDWLRQVIRUWKHVHWZRFDVHVWKDWDUHZLWKLQ
DSSUR[LPDWHO\RIWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\
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7KHUHVXOWVLQ7DEOHDOVRLQGLFDWHWKDWQHJOHFWLQJQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOLQ
6DQGHUV¶HTXDWLRQVSURGXFHVGLIIHUHQFHVEHWZHHQDSSUR[LPDWHO\WRDQGWKHGLIIHUHQFHV
EHWZHHQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQG6DQGHUV¶HTXDWLRQV
UDQJHIURPDSSUR[LPDWHO\WR,QFRQWUDVWWKHUHVXOWVLQ7DEOHLQGLFDWHWKDWQHJOHFWLQJ
QRQOLQHDUURWDWLRQVDERXWWKHQRUPDOLQ6DQGHUV¶HTXDWLRQVSURGXFHVGLIIHUHQFHVRIDSSUR[LPDWHO\
DQGWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQV
DQG6DQGHUV¶HTXDWLRQVUDQJHIURPDSSUR[LPDWHO\WR7KHUHVXOWVLQ7DEOHLQGLFDWHWKDW
QHJOHFWLQJQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOLQ6DQGHUV¶HTXDWLRQVSURGXFHVGLIIHUHQFHVOHVV
WKDQDQGPRVWO\OHVVWKDQ7KHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\
XVLQJ'RQQHOO¶VHTXDWLRQVDQG6DQGHUV¶HTXDWLRQVUDQJHIURPDSSUR[LPDWHO\WR
9DOXHVRIWKHDSSOLHGVWUHVVUHVXOWDQWDWEXFNOLQJ REWDLQHGE\+DQDQG6LPLWVHVE\
XVLQJ'RQQHOO¶VHTXDWLRQVDQGREWDLQHGLQWKHSUHVHQWVWXG\DUHJLYHQLQ7DEOHIRU
XQLGLUHFWLRQDOODPLQDWHGFRPSRVLWHF\OLQGHUVZLWKHLWKHUDOOGHJUHHRUDOOGHJUHHSOLHV
7KHVHUHVXOWVDUHDOVRIRUF\OLQGHUVZLWKDUDGLXV5HTXDOWRHLWKHULQRULQDZDOO
WKLFNQHVVK LQDQG/5 DQG7KHODPLQDPDWHULDOSURSHUWLHVDUH( 
xSVL( xSVL* xSVLDQGν 7KLVWDEOHVKRZVWKDWWKHUHVXOWV
REWDLQHGE\+DQDQG6LPLWVHVGLIIHUIURPWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\
E\OHVVWKDQ7KHUHVXOWVLQ7DEOHDOVRVKRZQHJOHFWLQJQRQOLQHDUURWDWLRQVDERXWWKH
QRUPDOLQ6DQGHUV¶HTXDWLRQVSURGXFHVQHJOLJLEOHGLIIHUHQFHV$GGLWLRQDOO\WKHGLIIHUHQFHV
EHWZHHQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQG6DQGHUV¶HTXDWLRQV
DUHOHVVWKDQ
5HVXOWVDUHSUHVHQWHGLQ7DEOHWKDWVKRZWKHSUHGLFWHGEXFNOLQJORDGREWDLQHGE\*HLHUHW
DO0H\HU3LHQLQJHWDO*HLHUDQG6LQJKDQGREWDLQHGLQWKHSUHVHQWVWXG\IRUVHOHFWHG
ODPLQDWHGFRPSRVLWHF\OLQGHUV7KHVHUHVXOWVDUHDOVRIRUF\OLQGHUVZLWKDOHQJWK/ PPD
UDGLXV5 PPDQGDZDOOWKLFNQHVVK PP7KHODPLQDPDWHULDOSURSHUWLHVDUH( 
03D( 03D* 03DDQGν 7KHUHVXOWVJLYHQLQWKHWDEOH
WKDWZHUHREWDLQHGE\*HLHUHWDODQG0H\HU3LHQLQJHWDODUHEDVHGRQ'RQQHOO¶VHTXDWLRQVDQG
QHJOHFWWKH$$%%'DQG'DQLVRWURSLFVWLIIQHVVHV,QDGGLWLRQUHVXOWVREWDLQHGE\
0H\HU3LHQLQJHWDOWKDWDUHEDVHGRQ6DQGHUV¶NLQHPDWLFHTXDWLRQVDQGWKDWLQFOXGHWKH%%
'DQG'DQLVRWURSLFVWLIIQHVVHVDUHSUHVHQWHGLQWKHWDEOHDORQJZLWKUHVXOWVREWDLQHGIURPD
UHILQHGWKHRU\XVHGE\*HLHUDQG6LQJKWKDWXVHVHTXDWLRQVVLPLODUWRWKRVHRI)OJJHEXW
LQFOXGHVWUDQVYHUVHVKHDULQJGHIRUPDWLRQV
7KHUHVXOWVLQ7DEOHH[KLELWGLIIHUHQFHVOHVVWKDQEHWZHHQWKHEXFNOLQJORDGVREWDLQHG
LQUHIHUHQFHVDQGWKDWDUHEDVHGRQ'RQQHOO¶VHTXDWLRQVZLWKWKHFRUUHVSRQGLQJUHVXOWV
REWDLQHGLQWKHSUHVHQWVWXG\6LPLODUO\WKHUHVXOWVIURPUHIHUHQFHVDQGH[KLELWGLIIHUHQFHV
OHVVWKDQDQGUHVSHFWLYHO\IURPWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\
WKDWDUHEDVHGRQ6DQGHUV¶HTXDWLRQV7KHUHVXOWVLQ7DEOHDOVRVKRZWKDWQHJOHFWLQJQRQOLQHDU
URWDWLRQVDERXWWKHQRUPDOLQ6DQGHUV¶HTXDWLRQVSURGXFHVGLIIHUHQFHVOHVVWKDQ$GGLWLRQDOO\
WKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQG
6DQGHUV¶HTXDWLRQVDUHOHVVWKDQDSSUR[LPDWHO\
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3UHGLFWLRQVRIWKHDSSOLHGVWUHVVUHVXOWDQWDWEXFNOLQJ REWDLQHGE\.KRWDQG9HQND\\D
E\XVLQJ'RQQHOO¶VHTXDWLRQVDQGREWDLQHGLQWKHSUHVHQWVWXG\DUHJLYHQLQ7DEOHVDQGIRU
θθ) DQG θθWKUHHSO\ODPLQDWHGFRPSRVLWHF\OLQGHUV7KHVHUHVXOWVDUHIRUF\OLQGHUV
ZLWKDUDGLXV5 LQDZDOOWKLFNQHVVK LQDQGDOHQJWK/ LQ0RUHRYHUWKH
UHVXOWVLQ7DEOHDUHIRUJODVVHSR[\F\OLQGHUVZLWKWKHODPLQDPDWHULDOSURSHUWLHV( x
SVL( xSVL* xSVLDQGν 7KHUHVXOWVLQ7DEOHDUHIRU
ERURQHSR[\F\OLQGHUVZLWKWKHODPLQDPDWHULDOSURSHUWLHV( xSVL( xSVL
* xSVLDQGν )XWKHUPRUHWKHUHVXOWVREWDLQHGE\.KRWDQG9HQND\\DDUH
EDVHGRQDQDSSUR[LPDWHDQDO\VLVWKDWXVHVWKHEXFNOHSDWWHUQJLYHQE\HTXDWLRQFZLWKD
VWUHVVIXQFWLRQIRUPXODWLRQWKDWLJQRUHVVRPHRIWKHVLPSO\VXSSRUWHGERXQGDU\FRQGLWLRQV
DGGUHVVHGLQWKHSUHVHQWVWXG\7KHDSSUR[LPDWHVROXWLRQVXVHGLQWKHSUHVHQWVWXG\DQGLQ
UHIHUHQFHXVHWKHVNHZHGQHVVSDUDPHWHUτ LQHTXDWLRQVWRDFFRXQWIRUF\OLQGHUZDOO
DQLVRWURSLHV
7KHUHVXOWVWKDWDUHEDVHGRQ'RQQHOO¶VHTXDWLRQVLQ7DEOHREWDLQHGE\.KRWDQG
9HQND\\DIRUWKHJODVVHSR[\F\OLQGHUVH[KLELWGLIIHUHQFHVOHVVWKDQIURPWKHFRUUHVSRQGLQJ
UHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\7KHUHVXOWVLQ7DEOHDOVRVKRZQHJOHFWLQJQRQOLQHDU
URWDWLRQVDERXWWKHQRUPDOLQ6DQGHUV¶HTXDWLRQVSURGXFHVGLIIHUHQFHVOHVVWKDQDSSUR[LPDWHO\
,QDGGLWLRQWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶V
HTXDWLRQVDQG6DQGHUV¶HTXDWLRQVDUHOHVVWKDQDSSUR[LPDWHO\+RZHYHUWKHUHVXOWVLQ7DEOH
REWDLQHGE\.KRWDQG9HQND\\DIRUWKHERURQHSR[\F\OLQGHUVH[KLELWGLIIHUHQFHVDVODUJHDV
IURPWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\7KHUHVXOWVLQ7DEOHDOVR
VKRZQHJOHFWLQJQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOLQ6DQGHUV¶HTXDWLRQVSURGXFHVGLIIHUHQFHV
OHVVWKDQDSSUR[LPDWHO\DQGWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\
XVLQJ'RQQHOO¶VHTXDWLRQVDQG6DQGHUV¶HTXDWLRQVDUHOHVVWKDQDSSUR[LPDWHO\
5HVXOWVIRUWKHVDPHWKUHHSO\JODVVHSR[\F\OLQGHUVLQYHVWLJDWHGE\.KRWDQG9HQND\\DDQG
VKRZQLQ7DEOHZHUHDOVRREWDLQHGE\$UERF]XVLQJDQDSSUR[LPDWHDQDO\WLFDOIRUPXODWLRQ
WKDWLVVLPLODUWRWKDWXVHGE\.KRWDQG9HQND\\D7KHUHVXOWVIRUWKHθθ) DQG θθ
F\OLQGHUVZHUHIRXQGWREHZLWKLQDSSUR[LPDWHO\DQGUHVSHFWLYHO\RIWKHFRUUHVSRQGLQJ
UHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\5HVXOWVIRUWKHERURQHSR[\F\OLQGHUVSUHVHQWHGLQ7DEOH
ZHUHDOVRREWDLQHGE\$UERF],QSDUWLFXODUWKHUHVXOWVIRUWKHθθ) DQG θθF\OLQGHUV
ZHUHIRXQGWREHZLWKLQDSSUR[LPDWHO\DQGUHVSHFWLYHO\RIWKHFRUUHVSRQGLQJUHVXOWV
REWDLQHGLQWKHSUHVHQWVWXG\$UERF]DOVRREWDLQHGUHVXOWVIRUDQHLJKWSO\V
ODPLQDWHGFRPSRVLWHF\OLQGHUXVLQJVDPHDSSUR[LPDWHDQDO\VLVEDVHGRQ'RQQHOO¶VHTXDWLRQV
WKDWDUHSUHVHQWHGLQ7DEOHDORQJZLWKFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\7KLV
F\OLQGHUKDVDUDGLXV5 LQDZDOOWKLFNQHVVK LQDQGDOHQJWK/ LQ7KH
ODPLQDPDWHULDOSURSHUWLHVXVHGWRREWDLQWKHVHUHVXOWVDUH( xSVL( x
SVL* xSVLDQGν 7KHUHVXOWVLQ7DEOHVKRZDGLIIHUHQFHOHVV
WKDQEHWZHHQWKHEXFNOLQJORDGREWDLQHGE\$UERF]DQGWKHFRUUHVSRQGUHVXOWVREWDLQHG
KHUHLQWKDWLVEDVHGRQ'RQQHOO¶VHTXDWLRQV7KHUHVXOWVLQ7DEOHDOVRVKRZWKDWQHJOHFWLQJ
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XVLQJWKHDSSUR[LPDWH5D\OHLJK5LW]VROXWLRQZLWK6DQGHUV¶HTXDWLRQVLQFOXGLQJWKHDQLVRWURSLHV
SUHGLFWUHGXFWLRQVLQWKHEXFNOLQJORDGVWKDWDUHOHVVWKDQ
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1RUPDOL]HGEXFNOLQJORDGVREWDLQHGE\6PHUGRYDQGKHUHLQDUHSUHVHQWHGLQ7DEOHV
IRUDYDULHW\RIODPLQDWHGFRPSRVLWHF\OLQGHUVZLWKODPLQDPRGXOLUDWLRVUDQJLQJIURP≤(
(≤7KHFRUUHVSRQGLQJODPLQDPDWHULDOSURSHUWLHVDUHJLYHQE\( *3D(*
 DQGν ,QDGGLWLRQWKHUHVXOWVFRUUHVSRQGWRF\OLQGHUVZLWKDUDGLXV5 PP
DWKLQQHVVUDWLRQ5K DQGDOHQJWKJLYHQE\/5 7KHQRUPDOL]DWLRQWHUP1LVDOVR
GHILQHGIRUWKHVHF\OLQGHUVDV IRUWKHFRUUHVSRQGLQJ>@ODPLQDWHGF\OLQGHUDQG
WKHYDOXHIRUHDFKF\OLQGHULVOLVWHGLQWKHWDEOHV)XUWKHUPRUH6PHUQRY¶VUHVXOWVLQ7DEOHV
ZHUHREWDLQHGIURPWKH'RQQHOOW\SHFODVVLFDOVROXWLRQWKDWLQKHUHQWO\QHJOHFWVWKHHIIHFWV
RIWKHDQLVRWURSLHVDVVRFLDWHGZLWKWKH%%'DQG'FRQVWLWXWLYHWHUPV$JDLQWKHUHVXOWV
VKRZQLQ7DEOHVIRUWKHSUHVHQWVWXG\ZHUHREWDLQHGE\XVLQJWKHDSSUR[LPDWH5D\OHLJK
5LW]VROXWLRQZKLFKLQFOXGHVWKHVHDQLVRWURSLHV$GGLWLRQDOUHVXOWVDUHDOVRVKRZQLQWKLVWDEOHLQ
UHGIRUWKHSUHVHQWVWXG\WKDWFRUUHVSRQGWRWKHFODVVLFDOVROXWLRQτ ZKLFKQHJOHFWVWKHVH
DQLVRWURSLHV
7KHUHVXOWVLQ7DEOHVDOVRVKRZIRUWKHPRVWSDUWQRGLIIHUHQFHVEHWZHHQWKH
EXFNOLQJORDGREWDLQHGE\6PHUGRYDQGWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGKHUHLQWKDWDUHEDVHG
RQ'RQQHOO¶VHTXDWLRQVDQGQHJOHFWWKHDQLVRWURSLHVDVVRFLDWHGZLWKWKH%%'DQG'
FRQVWLWXWLYHWHUPV7KHIHZFRQWUDU\FDVHVH[KLELWHGGLIIHUHQFHVOHVVWKDQDSSUR[LPDWHO\ZLWK
RQHFXULRXVH[FHSWLRQ6PHUGRY¶VUHVXOWLQWKHVHFRQGURZRI7DEOHLVOLVWHGDVDQGWKH
FRUUHVSRQGLQJUHVXOWREWDLQHGLQWKHSUHVHQWVWXG\LVDGLIIHUHQFHRIDSSUR[LPDWHO\
%DVHGRQWKHH[FHOOHQWDJUHHPHQWIRUDOOWKHRWKHUFDVHVLWLVOLNHO\WKDW6PHGRY¶VUHVXOWLVD
W\SRJUDSKLFDOHUURU7KHUHVXOWVLQWKHVHWDEOHVDOVRVKRZDQXQLPSRUWDQWHIIHFWRIQHJOHFWLQJ
QRQOLQHDUURWDWLRQVDERXWWKHQRUPDOLQ6DQGHUV¶HTXDWLRQV6LPLODUO\WKHGLIIHUHQFHVEHWZHHQWKH
FRUUHVSRQGLQJUHVXOWVREWDLQHGKHUHLQE\XVLQJ'RQQHOO¶VHTXDWLRQVDQG6DQGHUV¶HTXDWLRQVDUH
OHVVWKDQDSSUR[LPDWHO\7KHUHVXOWVREWDLQHGKHUHLQE\XVLQJWKHDSSUR[LPDWH5D\OHLJK5LW]
VROXWLRQZLWK6DQGHUV¶HTXDWLRQVLQFOXGLQJWKHDQLVRWURSLHVSUHGLFWUHGXFWLRQVLQWKHEXFNOLQJ
ORDGVWKDWDUHOHVVWKDQLQDOPRVWDOOFDVHV+RZHYHUWKHUHVXOWVJLYHQIRU(( DQG
LQ7DEOHH[KLELWEXFNOLQJORDGUHGXFWLRQVRIDSSUR[LPDWHO\DQG
UHVSHFWLYHO\
%XFNOLQJORDGVREWDLQHGE\:RQJDQG:HDYHUDQGKHUHLQDUHSUHVHQWHGLQ7DEOHIRU
VHOHFWHGODPLQDWHGFRPSRVLWHF\OLQGHUVZLWKWKHODPLQDPDWHULDOSURSHUWLHV( *3D( 
*3D* *3DDQGν 7KHVHF\OLQGHUVKDYHDZDOOWKLFNQHVVK 
PPDUDGLXV5 PPDQGDOHQJWK/ PP7KHUHVXOWVJLYHQE\:RQJDQG:HDYHUZHUH
REWDLQHGE\XVLQJDUDGLDOGLVSODFHPHQWIXQFWLRQHTXLYDOHQWWRHTXDWLRQFZLWKP DQGD
FRUUHVSRQGLQJVWUHVVIXQFWLRQZLWKWKH'RQQHOOW\SHHTXLOLEULXPDQGFRPSDWLELOLW\GLIIHUHQWLDO
HTXDWLRQVJRYHUQLQJEXFNOLQJ7KLVVROXWLRQLVDSSUR[LPDWHLQWKDWLWGRHVQRWVDWLVI\WKHVLPSO\
VXSSRUWHGERXQGDU\FRQGLWLRQVFRQVLGHUHGKHUHLQ0RUHDFFXUDWHUHVXOWVREWDLQHGIURPILQLWH
HOHPHQWDQDO\VHVFRQGXFWHGE\:RQJDQG:HDYHUDUHDOVRJLYHQLQ7DEOH
7KHUHVXOWVLQ7DEOHLQGLFDWHVGLIIHUHQFHVEHWZHHQWKHEXFNOLQJORDGREWDLQHGE\:RQJ
DQG:HDYHUDQGWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGKHUHLQWKDWDUHEDVHGRQ'RQQHOO¶VHTXDWLRQV
WKDWDUHOHVVWKDQDSSUR[LPDWHO\DQGLQVHYHUDOFDVHVOHVVWKDQ7KHUHVXOWVLQWKLVWDEOH
DOVRVKRZDQHJOLJLEOHHIIHFWRIQHJOHFWLQJQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOLQ6DQGHUV¶
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HTXDWLRQV6LPLODUO\WKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGKHUHLQE\XVLQJ
'RQQHOO¶VHTXDWLRQVDQG6DQGHUV¶HTXDWLRQVDUHOHVVWKDQDSSUR[LPDWHO\,WLVQRWHZRUW\WKDW
WKHGLIIHUHQFHVEHWZHHQWKHILQLWHHOHPHQWUHVXOWVDQGWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKH
SUHVHQWVWXG\DUHIRUWKHPRVWSDUWOHVVWKDQDSSUR[LPDWHO\7KHH[FHSWLRQLVH[KLELWHGE\WKH
UHVXOWVIRUWKH6F\OLQGHUZKLFKLVDSSUR[LPDWHO\
'LIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFHSUHGLFWLRQVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ
'RQQHOO¶VHTXDWLRQV6DQGHUVHTXDWLRQVDQG6DQGHUVHTXDWLRQVZLWKQRQOLQHDUURWDWLRQVDERXWWKH
QRUPDOQHJOHFWHGDUHLOOXVWUDWHGLQILJXUHVIRU>@V>@VDQG>@V
ODPLQDWHGFRPSRVLWHF\OLQGHUVZLWKUDGLXVWRWKLFNQHVVUDWLRV5K DQG7KHODPLQD
PDWHULDOSURSHUWLHVXVHGWRREWDLQWKHVHUHVXOWVDUH( xSVL( xSVL* 
xSVLDQGν 7KHEXFNOLQJUHVLVWDQFHLVPHDVXUHGE\WKHQRQGLPHQVLRQDO
FRHIILFLHQW IRUYDOXHVRI≤/5≤ZKHUH'DQG'DUHWKHSULQFLSDOVKHOO
ZDOOEHQGLQJVWLIIQHVVHVDSSHDULQJLQHTXDWLRQVF)RUHDFKODPLQDWHFRQVLGHUHGLWLV
SUHVXPHGWKDWWKHDQLVRWURS\DVVRFLDWHGZLWKWKH'DQG'FRQVWLWXWLYHWHUPVLVQHJOLJLEOH
7KHUHGFXUYHVLQILJXUHVFRUUHVSRQGVWRUHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶V
HTXDWLRQV7KHEODFNDQGWKHEOXHFXUYHVFRUUHVSRQGVWRUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶
HTXDWLRQVDQG6DQGHUV¶HTXDWLRQVZLWKQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHG
UHVSHFWLYHO\7KHULJKWPRVWEUDQFKRIWKHEODFNDQGWKHEOXHIHVWRRQFXUYHVVKRZQLQILJXUHV
DQGWKHEODFNFXUYHVKRZQLQILJXUHFRUUHVSRQGWRDFROXPQOLNHVKHOOEXFNOLQJPRGH
JLYHQE\WKHZDYHQXPEHUVP Q DQGWKHJUDSKFRRUGLQDWHVIRUWKHILUVWFROXPQOLNHVKHOO
EXFNOLQJPRGHDUHLQGLFDWHGLQWKHILJXUHV7KHFRUUHVSRQGLQJJUD\FXUYHWKDWDSSHDUVLQWKHVH
ILJXUHVFRUUHVSRQGVWREXFNOLQJFRHIILFLHQWVREWDLQHGE\XVLQJWKH(XOHUFROXPQEXFNOLQJIRUPXOD
JLYHQE\HTXDWLRQIRUDVLPSO\VXSSRUWHGWKLQZDOOHGWXEXODUEHDPZLWKOHQJWK/FURVV
VHFWLRQDOUDGLXV5DQGWKLFNQHVVKWKDWLVGHIRUPHGLQWRDVLQJOHKDOIZDYHDORQJLWVOHQJWK$V
VWDWHGSUHYLRXVO\KHUHLQ LVWKH(XOHUEXFNOLQJORDGGLYLGHGE\π5DQG LVWKH
FROXPQEHQGLQJVWLIIQHVV)RUWKHODPLQDWHGFRPSRVLWHF\OLQGHUVWKHFROXPQEHQGLQJVWLIIQHVV
LVDSSUR[LPDWHGE\ ZKHUH([LVWKHHIIHFWLYHD[LDOVWLIIQHVVRIWKHVKHOOJLYHQE\
 
8VLQJWKHVHUHVXOWVZLWKHTXDWLRQJLYHV
 
7KHUHVXOWVLQILJXUHVIRUWKHF\OLQGHUVZLWK5K DQGVKRZVLJQLILFDQW
GLIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFHSUHGLFWLRQVDUHREWDLQHGIURPWKHWKUHHVHWRIHTXDWLRQVZLWK
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WKHEODFNFXUYHV6DQGHUV¶HTXDWLRQVJHQHUDOO\H[KLELWLQJWKHORZHVWFRUUHVSRQGLQJYDOXHVRI
EXFNOLQJUHVLVWDQFH,QFRQWUDVWIRUWKHUHODWLYHO\VKRUWF\OLQGHUVZLWK5K QRGLIIHUHQFHV
DUHIRXQGIRUWKH>@V>@VDQG>@VF\OLQGHUVZLWKDSSUR[LPDWHO\/5≤/5
≤DQG/5≤UHVSHFWLYHO\/LNHZLVHIRUWKHUHODWLYHO\VKRUWF\OLQGHUVZLWK5K QR
GLIIHUHQFHVDUHDOVRIRXQGIRUWKH>@V>@VDQG>@VF\OLQGHUVZLWKDSSUR[LPDWHO\
/5≤/5≤DQG/5≤UHVSHFWLYHO\$VWKHF\OLQGHUOHQJWKLQFUHDVHVGLIIHUHQFHVLQ
H[FHVVRIDUHJHQHUDOO\IRXQGZLWKVRPHH[FHSWLRQVWKDWDUHDVVRFLDWHGZLWKWKHIHVWRRQ
QDWXUHRIWKHEOXHDQGEODFNFXUYHV/LNHIRUPRQRFRTXHDQGVWLIIHQHGLVRWURSLFF\OLQGHUV
H[DPLQHGKHUHLQWKHUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVSUHGLFWDWUDQVLWLRQWRDFROXPQ
EXFNOLQJPRGHDWVLJQLILFDQWO\VPDOOHUYDOXHVRI/5WKDQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\
XVLQJ6DQGHUV¶HTXDWLRQVZLWKQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHG7KHUHVXOWV
REWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVSUHGLFWQRWUDQVLWLRQDWDOO,QDGGLWLRQWKH(XOHUFROXPQ
EXFNOLQJPRGHVSUHGLFWHGE\HTXDWLRQDUHLQFORVHDJUHHPHQWZLWKWKHFRUUHVSRQGLQJUHVXOWV
SUHGLFWHGE\6DQGHUV¶HTXDWLRQV
8QLIRUPH[WHUQDOSUHVVXUHORDGV&RPSDULVRQVRIWKHYDOXHVSUHGLFWHGKHUHLQIRUWKH
QRQGLPHQVLRQDOEXFNOLQJSUHVVXUH ZLWKWKRVHSUHGLFWHGE\-RQHVDQG0RUJDQE\XVLQJ
'RQQHOO¶VHTXDWLRQVDUHVKRZQLQ7DEOHIRUF\OLQGHUVZLWKPFURVVSO\ODPLQDWHG
FRPSRVLWHZDOOV7KHVHUHVXOWVDUHIRUF\OLQGHUVZLWKDUDGLXV5 LQDZDOOWKLFNQHVVK 
LQDQGIRUYDOXHVRIWKHVWDFNLQJVHTXHQFHLQGH[P DQG∞7KHILUVWSO\LQWKH
VWDFNLQJVHTXHQFHLVWKHLQQHUPRVWSO\DQGLWVPDMRUSULQFLSDOD[LVLVGHJUHHVIURPWKHF\OLQGHU
D[LV7KHODPLQDPDWHULDOSURSHUWLHVDUH( xSVL( xSVL* x
SVLDQGν 7KHUHVXOWVSUHVHQWHGLQWKLVWDEOHDUHIRUYDOXHVRIWKHF\OLQGHUOHQJWK/ 
DQGLQ5HVXOWVREWDLQHGLQWKHSUHVHQWVWXG\DUHDOVRVKRZQLQWKLVWDEOH
WKDWDUHEDVHGRQ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUH6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUH
DQG6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDQGQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHG
7KHUHVXOWVLQ7DEOHVKRZWKDWWKHGLIIHUHQFHVEHWZHHQWKHSUHGLFWHGEXFNOLQJSUHVVXUHV
REWDLQHGE\-RQHVDQG0RUJDQDQGWKHSUHVHQWVWXG\EDVHGRQ'RQQHOO¶VHTXDWLRQVDUHOHVVWKDQ
IRUWKHF\OLQGHUVZLWK/ LQ)RUWKHORQJHUVKHOOVVXEVWDQWLDOO\ODUJHUGLIIHUHQFHVDUH
VHHQWKDWUDQJHIURPDSSUR[LPDWHO\WR7KHUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\DOVR
LQGLFDWHWKDWQHJOHFWLQJWKHHIIHFWVRIOLYHSUHVVXUHLQ6DQGHUV¶HTXDWLRQV\LHOGVGLIIHUHQFHVOHVV
WKDQH[FHSWIRUWKHF\OLQGHUVZLWK/ LQZKLFKH[KLELWGLIIHUHQFHVRIDERXW
0RUHRYHUWKHVDPHUDQJHRIGLIIHUHQFHVLVREWDLQHGZKHQERWKOLYHSUHVVXUHDQGQRQOLQHDU
URWDWLRQVDERXWWKHQRUPDODUHQHJOHFWHGLQ6DQGHUV¶HTXDWLRQV6XUSULVLQJO\WKHGLIIHUHQFHV
EHWZHHQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDQG
'RQQHOO¶VHTXDWLRQVZLWKGHDGSUHVVXUHDUHDWPRVWDSSUR[LPDWHO\
9DOXHVRIWKHQRQGLPHQVLRQDOEXFNOLQJSUHVVXUH REWDLQHGE\-RQHVDQG0RUJDQ
6KHQDQGREWDLQHGLQWKHSUHVHQWVWXG\DUHSUHVHQWHGLQ7DEOHIRUVHOHFWHGXQV\PPHWULF
FURVVSO\F\OLQGHUVZLWKDUDGLXV5 LQDZDOOWKLFNQHVVK LQDQGDOHQJWK/ 
LQ7KHODPLQDPDWHULDOSURSHUWLHVDUHDOVR( xSVL( xSVL* x
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SVLDQGν 7KHVHUHVXOWVDUHEDVHGRQ'RQQHOO¶VHTXDWLRQVZLWKGHDGSUHVVXUH
$GGLWLRQDOUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\DUHSUHVHQWHGLQ7DEOHWKDWDUHEDVHGRQ
6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUH6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDQG6DQGHUV¶
HTXDWLRQVZLWKGHDGSUHVVXUHDQGQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHG
7KHUHVXOWVLQ7DEOHVKRZQRGLIIHUHQFHVEHWZHHQWKHSUHGLFWHGEXFNOLQJSUHVVXUHV
REWDLQHGE\-RQHVDQG0RUJDQDQGWKHSUHVHQWVWXG\WKDWDUHEDVHGRQ'RQQHOO¶VHTXDWLRQV
0RUHRYHUGLIIHUHQFHVEHWZHHQWKHSUHGLFWHGEXFNOLQJSUHVVXUHVREWDLQHGE\6KHQDQGLQWKH
SUHVHQWVWXG\DUHOHVVWKDQDSSUR[LPDWHO\7KHUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\DOVR
LQGLFDWHWKDWQHJOHFWLQJWKHHIIHFWVRIOLYHSUHVVXUHLQ6DQGHUV¶HTXDWLRQV\LHOGVGLIIHUHQFHVOHVV
WKDQDERXW6LPLODUGLIIHUHQFHVDUHREWDLQHGZKHQERWKOLYHSUHVVXUHDQGQRQOLQHDUURWDWLRQV
DERXWWKHQRUPDODUHQHJOHFWHGLQ6DQGHUV¶HTXDWLRQV2QFHDJDLQWKHGLIIHUHQFHVEHWZHHQWKH
FRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDQG'RQQHOO¶V
HTXDWLRQVZLWKGHDGSUHVVXUHDUHDWPRVWDSSUR[LPDWHO\
3UHGLFWHGYDOXHVRISFU5REWDLQHGE\6XQDQGKHUHLQDUHSUHVHQWHGLQ7DEOHIRUVHOHFWHG
ODPLQDWHGFRPSRVLWHF\OLQGHUVPDGHHQWLUHO\IURPWKHWKUHHGLIIHUHQWPDWHULDOW\SHVLQGLFDWHGLQ
WKHWDEOH7KHVHF\OLQGHUVKDYHDZDOOWKLFNQHVVK PPDUDGLXV5 PPDQGOHQJWKV
/ DQGPP)RUWKHVHF\OLQGHUV6XQREWDLQHGUHVXOWVE\VXEVWLWXWLQJ
GLVSODFHPHQWIXQFWLRQVLGHQWLFDOWRHTXDWLRQVLQWRWKH'RQQHOOW\SHGLIIHUHQWLDOHTXDWLRQV
JRYHUQLQJEXFNOLQJZKLFKHIIHFWLYHO\QHJOHFWVWKHHIIHFWVRIDQLVRWURSLHVDVVRFLDWHGZLWKWKH%
%'DQG'FRQVWLWXWLYHWHUPVLQWKHDQDO\VLV2QFHDJDLQWKHUHVXOWVVKRZQLQ7DEOHIRU
WKHSUHVHQWVWXG\ZHUHREWDLQHGE\XVLQJWKHDSSUR[LPDWH5D\OHLJK5LW]VROXWLRQZKLFKLQFOXGHV
WKHVHDQLVRWURSLHV$GGLWLRQDOUHVXOWVDUHDOVRVKRZQLQWKLVWDEOHLQUHGIRUWKHSUHVHQWVWXG\WKDW
FRUUHVSRQGWRWKHFODVVLFDOVROXWLRQτ ZKLFKQHJOHFWVWKHVHDQLVRWURSLHV
7KHUHVXOWVLQWKLV7DEOHVKRZGLIIHUHQFHVOHVVWKDQEHWZHHQWKHEXFNOLQJSUHVVXUHV
REWDLQHGE\6XQDQGWKHFRUUHVSRQGUHVXOWVREWDLQHGKHUHLQWKDWDUHEDVHGRQ'RQQHOO¶VHTXDWLRQV
DQGQHJOHFWWKHDQLVRWURSLHVDVVRFLDWHGZLWKWKH%%'DQG'FRQVWLWXWLYHWHUPV
&RUUHVSRQGLQJUHVXOWVREWDLQHGKHUHLQE\XVLQJWKHDSSUR[LPDWH5D\OHLJK5LW]VROXWLRQ
LQFOXGLQJWKHDQLVRWURSLHVSUHGLFWUHGXFWLRQVLQWKHEXFNOLQJSUHVVXUHVOHVVWKDQDERXWDQGLQ
PDQ\FDVHVQRUHGXFWLRQDWDOO$GGLWLRQDOUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\DUHJLYHQLQ7DEOH
WKDWDUHEDVHGRQ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDQG6DQGHUV¶HTXDWLRQVZLWKOLYH
SUHVVXUHDQGQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHG7KHVHUHVXOWVVKRZWKDWQHJOHFWLQJ
QRQOLQHDUURWDWLRQVDERXWWKHQRUPDOLQ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHSURGXFHV
GLIIHUHQFHVLQWKHUHVXOWVWKDWDUHOHVVWKDQIRUDOOFDVHV7KHGLIIHUHQFHVEHWZHHQWKH
FRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQG6DQGHUV¶HTXDWLRQVZLWKOLYH
SUHVVXUHDUHOHVVWKDQDSSUR[LPDWHO\IRUDOOFDVHV&RUUHVSRQGLQJUHVXOWVREWDLQHGKHUHLQE\
XVLQJWKHDSSUR[LPDWH5D\OHLJK5LW]VROXWLRQLQFOXGLQJWKHDQLVRWURSLHVSUHGLFWUHGXFWLRQVLQWKH
FRUUHVSRQGLQJEXFNOLQJSUHVVXUHVOHVVWKDQDERXWDQGLQPDQ\FDVHVQRUHGXFWLRQDWDOO
9DOXHVRIWKHEXFNOLQJSUHVVXUHVREWDLQHGE\6LPLWVHVDQG$QDVWDVLDGLVDQGREWDLQHGLQWKH
SUHVHQWVWXG\DUHJLYHQLQ7DEOHVIRUVHOHFWHGLQILQLWHO\ORQJODPLQDWHGFRPSRVLWH
F\OLQGHUVZLWKDUDGLXV5 FP,QSDUWLFXODUUHVXOWVDUHSUHVHQWHGLQ7DEOHVDQG
IRUV\PPHWULFFURVVSO\F\OLQGHUVZLWKUDGLXVWRWKLFNQHVVUDWLRV5K DQGUHVSHFWLYHO\

6LPLODUO\UHVXOWVDUHSUHVHQWHGLQ7DEOHVDQGIRUV\PPHWULFDQJOHSO\F\OLQGHUVZLWK
UDGLXVWRWKLFNQHVVUDWLRV5K DQGUHVSHFWLYHO\7KHODPLQDPDWHULDOSURSHUWLHVERURQ
HSR[\DUH( x3D( x3D* x3DDQGν 
7KHUHVXOWVREWDLQHGE\6LPLWVHVDQG$QDVWDVLDGLVDUHEDVHGRQ6DQGHUV¶HTXDWLRQVZLWKGHDG
SUHVVXUHDQGQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHG$GGLWLRQDOUHVXOWVREWDLQHGLQWKH
SUHVHQWVWXG\DUHJLYHQLQ7DEOHVWKDWDUHEDVHGRQ'RQQHOO¶VHTXDWLRQVZLWKGHDG
SUHVVXUH6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUH6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDQG
6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDQGQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHG)RU
HDFKFDVHREWDLQHGLQWKHSUHVHQWVWXG\DYDOXHRI/5 ZDVXVHGLQWKHFDOFXODWLRQV
7KHUHVXOWVLQ7DEOHVLQGLFDWHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWV
REWDLQHGE\6LPLWVHVDQG$QDVWDVLDGLVDQGLQWKHSUHVHQWVWXG\WKDWDUHEDVHGRQ6DQGHUV¶
HTXDWLRQVZLWKGHDGSUHVVXUHDQGQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHGDUHOHVVWKDQ
DQGIRUWKHPRVWSDUWOHVVWKDQDIUDFWLRQRI,QDGGLWLRQWKHUHVXOWVREWDLQHGLQWKHSUHVHQW
VWXG\LQGLFDWHQHJOLJLEOHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ
'RQQHOO¶VHTXDWLRQVZLWKGHDGSUHVVXUH6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDQG6DQGHUV¶
HTXDWLRQVZLWKGHDGSUHVVXUHDQGQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHGIRUHYHU\FDVH
0RUHRYHUWKHUHVXOWVLQGLFDWHGLIIHUHQFHVRIDSSUR[LPDWHO\EHWZHHQWKHUHVXOWVEDVHGRQ
WKHVHWKUHHVHWVRIHTXDWLRQVDQGWKHFRUUHVSRQGLQJUHVXOWVEDVHGRQ6DQGHUV¶HTXDWLRQVZLWKOLYH
SUHVVXUH7KHUHVXOWVSUHVHQWHGLQ7DEOHVDQGIRUWKHDQJOHSO\F\OLQGHUVWKDWZHUH
REWDLQHGKHUHLQE\XVLQJWKHDSSUR[LPDWH5D\OHLJK5LW]VROXWLRQZLWKWKH'DQG'DQLVRWURSLHV
LQFOXGHGLQGLFDWHUHGXFWLRQVLQWKHEXFNOLQJSUHVVXUHVWKDWDUHDWPRVWDSSUR[LPDWHO\)RU
PRVWFDVHVWKHVHGLIIHUHQFHVDUHOHVVWKDQ$GGLWLRQDOUHVXOWVDUHDOVRVKRZQLQWKLVWDEOHLQ
UHGIRUWKHSUHVHQWVWXG\WKDWFRUUHVSRQGWRWKHFODVVLFDOVROXWLRQτ ZKLFKQHJOHFWVWKHVH
DQLVRWURSLHV
1RUPDOL]HGEXFNOLQJSUHVVXUHVREWDLQHGE\6PHUGRYDQGLQWKHSUHVHQWVWXG\DUHVKRZQ
LQ7DEOHVIRUDYDULHW\RIVHOHFWHGODPLQDWHGFRPSRVLWHF\OLQGHUVZLWKWKHODPLQD
PDWHULDOSURSHUWLHV( *3D( *3D* *3DDQGν 7KHVHF\OLQGHUV
KDYHDZDOOWKLFNQHVVK PPDQGDUDGLXV5 PP0RUHRYHUWKHUHVXOWVLQ7DEOHV
DUHIRUOHQJWKWRUDGLXVUDWLRV/5 DQGUHVSHFWLYHO\6PHUGRY¶VUHVXOWV
ZHUHREWDLQHGE\VXEVWLWXWLQJGLVSODFHPHQWIXQFWLRQVLGHQWLFDOWRHTXDWLRQVLQWRDYDULDWLRQDO
VWDWHPHQWWKDWLVEDVHGRQ)OJJH¶VF\OLQGHUEXFNOLQJNLQHPDWLFVDQGWKDWLQFOXGHWKHHIIHFWVRI
OLYHSUHVVXUH$VDUHVXOW6PHUGRY¶VDQDO\VLVQHJOHFWVWKHHIIHFWVRIWKHDQLVRWURSLHVDVVRFLDWHG
ZLWKWKH%%'DQG'FRQVWLWXWLYHWHUPV7KHUHVXOWVVKRZQLQ7DEOHVIRUWKH
SUHVHQWVWXG\ZHUHREWDLQHGE\XVLQJWKHDSSUR[LPDWH5D\OHLJK5LW]VROXWLRQZKLFKLQFOXGHV
WKHVHDQLVRWURSLHV$GGLWLRQDOUHVXOWVDUHDOVRVKRZQLQWKLVWDEOHLQUHGIRUWKHSUHVHQWVWXG\WKDW
FRUUHVSRQGWRWKHFODVVLFDOVROXWLRQτ ZKLFKQHJOHFWVWKHVHDQLVRWURSLHV
7KHUHVXOWVLQ7DEOHVLQGLFDWHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWV
REWDLQHGE\6PHUGRYXVLQJ)OJJHW\SHHTXDWLRQVZLWKOLYHSUHVVXUHDQGLQWKHSUHVHQWVWXG\
E\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDUHOHVVWKDQDQGIRUWKHPRVWSDUWDUH
QRQH[LVWHQW,QDGGLWLRQWKHUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\IRUWKHF\OLQGHUVZLWK/5 
DQG7DEOHVDQGLQGLFDWHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\
XVLQJ'RQQHOO¶VHTXDWLRQVZLWKGHDGSUHVVXUHDQG6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHWKDWDUH

OHVVWKDQIRUDOOWDEOHHQWULHVDQGLQPDQ\FDVHVVXEVWDQWLDOO\VPDOOHU6LPLODUGLIIHUHQFHVDUH
IRXQGIRUWKHVHVKRUWF\OLQGHUVEHWZHHQ6DQGHUV¶HTXDWLRQVZLWKRXWOLYHSUHVVXUHDQGZLWK
QRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHGDQG6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDQG
EHWZHHQ6DQGHUV¶HTXDWLRQVZLWKDQGZLWKRXWOLYHSUHVVXUH)RUWKHF\OLQGHUVZLWK/5 
DQG7DEOHVDQGWKHPD[LPXPGLIIHUHQFHREWDLQHGEHWZHHQ6DQGHUV¶HTXDWLRQVZLWK
OLYHSUHVVXUHDQGHLWKHURI'RQQHOO¶VHTXDWLRQVZLWKGHDGSUHVVXUH6DQGHUV¶HTXDWLRQVZLWKRXW
OLYHSUHVVXUHDQGZLWKQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHGDQG6DQGHUV¶HTXDWLRQV
ZLWKRXWOLYHSUHVVXUHLQFUHDVHVWRDERXWIRUDOOWDEOHHQWULHV)RUWKHF\OLQGHUVZLWK/5 
DQG7DEOHVDQGWKHPD[LPXPGLIIHUHQFHLQFUHDVHVWRDSSUR[LPDWHO\DQG
UHVSHFWLYHO\
0RVWRIODPLQDWHFRQVWUXFWLRQVVKRZQLQ7DEOHVDUHXQEDODQFHGQRQ]HUR$DQG$
FRQVWLWXWLYHWHUPVDQGDVDUHVXOWH[SHULHQFHDXQLIRUPWRUVLRQDOGLVSODFHPHQWXQGHUWKH
DSSOLFDWLRQRIXQLIRUPH[WHUQDOSUHVVXUH7KXVVWULFWDGKHUHQFHWRWKHERXQGDU\FRQGLWLRQV
FRQVLGHUHGKHUHLQIRUWKHSUHEXFNOLQJDQGEXFNOLQJVWDWHVLPSOLHVWKDWVKHDULQJVWUHVVHVDUH
LQGXFHGLQWRWKHVHF\OLQGHUVE\UHVWUDLQLQJWKHFLUFXPIHUHQWLDOGLVSODFHPHQWVDWWKHHQGV,Q
DGGLWLRQQRUHVWUDLQWRID[LDOGLVSODFHPHQWLVSUHVHQWIRUWKHVHERXQGDU\FRQGLWLRQV)RUWKH
VLPSOLILHGPHPEUDQHSUHEXFNOLQJVWUHVVVWDWHFRQVLGHUHGKHUHLQWKHLQGXFHGXQLIRUPVKHDULQJ
VWUHVVUHVXOWDQWLVIRXQGE\ILUVWVHWWLQJWKHVKHDULQJVWUDLQDQGD[LDOVWUHVVUHVXOWDQWHTXDOWR]HUR
QHJOHFWLQJWKH%PDWUL[WHUPVDVVRFLDWHGZLWKWKHSUHVHQFHRIDXQLIRUPUDGLDOGLVSODFHPHQWILHOG
DQGVHWWLQJWKHWKHUPDOWHUPVHTXDOWR]HURLQHTXDWLRQD7KHUHVXOWLQJHTXDWLRQVDUHWKHQ
VROYHGDQGHTXDWLRQVDUHXVHGWRJHWWKHORDGLQJSDUDPHWHUDVVRFLDWHGZLWKWKHLQGXFHG
VKHDULQJVWUHVVHV
 
7KHYDOXHVRI/REWDLQHGIURPWKLVHTXDWLRQDUHVKRZQLQ7DEOHVDORQJZLWKWKHUHVXOWV
WKDWZHUHREWDLQHGE\XVLQJWKHDSSUR[LPDWH5D\OHLJK5LW]VROXWLRQZLWKWKHDQLVRWURSLHV
LQFOXGHG)RUWKHF\OLQGHUVZLWK/5 DQG7DEOHVDQGWKHDSSUR[LPDWHDQDO\VLV
SUHGLFWVUHGXFWLRQVLQWKHEXFNOLQJSUHVVXUHVGXHWRZDOODQLVRWURSLHVWKDWDUHDVODUJHDV
DSSUR[LPDWHO\DQGUHVSHFWLYHO\7KHVHUHGXFWLRQVLQWKHEXFNOLQJSUHVVXUHVDUHEDVHG
RQFRPSDULQJ6PHUGRY¶VUHVXOWVDQGWKHFRUUHVSRQGLQJUHVXOWVEDVHGRQ6DQGHUV¶HTXDWLRQVZLWK
OLYHSUHVVXUH6LPLODUO\IRUWKHF\OLQGHUVZLWK/5 DQG7DEOHVDQGWKH
UHGXFWLRQVLQWKHEXFNOLQJSUHVVXUHVGXHWRZDOODQLVRWURSLHVDUHDVODUJHDVDSSUR[LPDWHO\
DQGUHVSHFWLYHO\)RUWKHF\OLQGHUVZLWK/5 DQG7DEOHVDQGWKHSUHGLFWHG
UHGXFWLRQVDUHDSSUR[LPDWHO\DQGUHVSHFWLYHO\
7KHGLIIHUHQFHVLQWKHEXFNOLQJUHVLVWDQFHSUHGLFWLRQVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ
'RQQHOO¶VHTXDWLRQVUHGFXUYHV6DQGHUVHTXDWLRQVZLWKGHDGSUHVVXUHEOXHFXUYHVDQG
6DQGHUVHTXDWLRQVZLWKOLYHSUHVVXUHEODFNFXUYHVDUHLOOXVWUDWHGLQILJXUHVIRU>@V
>@VDQG>@VODPLQDWHGFRPSRVLWHF\OLQGHUVZLWKUDGLXVWRWKLFNQHVVUDWLRV5K 
DQG7KHODPLQDPDWHULDOSURSHUWLHVXVHGWRREWDLQWKHVHUHVXOWVDUH( xSVL( 
/   
$$  − $$
$ $  − $
/ 

xSVL* xSVLDQGν 7KHEXFNOLQJUHVLVWDQFHLVPHDVXUHGE\WKH
QRQGLPHQVLRQDOFRHIILFLHQW IRUYDOXHVRI≤/5≤ZKHUH'DQG'DUHWKH
SULQFLSDOVKHOOZDOOEHQGLQJVWLIIQHVVHVDSSHDULQJLQHTXDWLRQVF)RUHDFKODPLQDWH
FRQVLGHUHGLWLVSUHVXPHGWKDWWKHDQLVRWURS\DVVRFLDWHGZLWKWKH'DQG'FRQVWLWXWLYHWHUPVLV
QHJOLJLEOH,QFDOFXODWLQJUHVXOWVIRUF\OLQGHUVVXEMHFWHGWRXQLIRUPH[WHUQDOSUHVVXUHWKH
FLUFXPIHUHQWLDOZDYHQXPEHUVQ DQGQ DUHW\SLFDOO\QRWXVHGEHFDXVHWKHVHWZRZDYH
QXPEHUVFRUUHVSRQGWRD[LV\PPHWULFGHIRUPDWLRQPRGHVDQGFROXPQEXFNOLQJPRGHVWKDWDUH
LQFRQVLVWHQWZLWKWKHXQLIRUPH[WHUQDOSUHVVXUHORDGLQJ+RZHYHUWKHWZRZDYHQXPEHUVZHUH
LQFOXGHGLQWKHFDOFXODWLRQRIWKHVXEVHTXHQWUHVXOWVWRIDFLOLWDWHWKHSUHVHQWDWLRQRIUHVXOWVIRU
F\OLQGHUVVXEMHFWHGWRK\GURVWDWLFSUHVVXUH
)RUWKH>@VF\OLQGHUVZLWK5K VKRZQLQILJXUHWKHGLIIHUHQFHVEHWZHHQWKH
FRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDQG
EHWZHHQWKHWZRVHWVRI6DQGHUV¶HTXDWLRQVDUHOHVVWKDQDERXWIRU/5≤)RU/5
GLIIHUHQFHVDUHODUJHDVDSSUR[LPDWHO\DUHIRXQG$V/5LQFUHDVHEH\RQGWKH
GLIIHUHQFHVDUHJHQHUDOO\PXFKODUJHU,WLVLPSRUWDQWWRQRWHWKDWWKHULJKWPRVWEUDQFKRIWKHUHG
IHVWRRQFXUYHFRUUHVSRQGVWRP Q 8SRQHOLPLQDWLQJWKHVHVROXWLRQVWKHUHGFXUYHEHFRPHV
FRLQFLGHQWZLWKWKHEOXHFXUYH7KXVIRUYDOXHVRI/5!WKHFXUYHVREWDLQHGE\XVLQJ
'RQQHOO¶VHTXDWLRQVDQGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDV\PSWRWLFDOO\DSSURDFK
WKHDSSUR[LPDWHYDOXH  ,QFRQWUDVWWKHFXUYHREWDLQHGE\XVLQJ6DQGHUV¶
HTXDWLRQVZLWKOLYHSUHVVXUHDV\PSWRWLFDOO\DSSURDFKHVWKHDSSUR[LPDWHYDOXH  
7KHVHDV\PSWRWLFUHVXOWVFRUUHVSRQGWRDPD[LPXPGLIIHUHQFHRIDSSUR[LPDWHO\DQGWRWKH
P DQGQ IODWWHQHGF\OLQGHUEXFNOLQJPRGH
5HVXOWVVLPLODUWRWKRVHLQILJXUHDUHSUHVHQWHGLQILJXUHVDQGIRUWKH>@V
DQG>@VF\OLQGHUVZLWK5K UHVSHFWLYHO\7KHULJKWPRVWEUDQFKRIWKHUHGIHVWRRQ
FXUYHVLQWKHVHWZRILJXUHVDOVRFRUUHVSRQGVWRP Q DQGXSRQHOLPLQDWLQJWKHVHVROXWLRQV
HDFKUHGFXUYHVEHFRPHVFRLQFLGHQWZLWKWKHFRUUHVSRQGLQJEOXHFXUYH)RUWKH>@V
F\OLQGHUVILJXUHWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶V
DQG6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDQGEHWZHHQWKHWZRVHWVRI6DQGHUV¶HTXDWLRQVDUH
OHVVWKDQDERXWIRU/5≤)RU/5GLIIHUHQFHVEHFRPHDVODUJHDV
DSSUR[LPDWHO\DQGDV/5LQFUHDVHVEH\RQGWKHGLIIHUHQFHVLQFUHDVHVXEVWDQWLDOO\)RU
YDOXHVRI/5!WKHFXUYHVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQGE\XVLQJ6DQGHUV¶
HTXDWLRQVZLWKGHDGSUHVVXUHDV\PSWRWLFDOO\DSSURDFKWKHDSSUR[LPDWHYDOXH  ,Q
FRQWUDVWWKHFXUYHREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDV\PSWRWLFDOO\
DSSURDFKHVWKHDSSUR[LPDWHYDOXH  7KHVHDV\PSWRWLFUHVXOWVFRUUHVSRQGWRD
PD[LPXPGLIIHUHQFHRIDSSUR[LPDWHO\DQGWRWKHP DQGQ IODWWHQHGF\OLQGHU
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EXFNOLQJPRGH
)RUWKH>@VF\OLQGHUVVKRZQLQILJXUHWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJ
UHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDQGEHWZHHQWKHWZRVHWV
RI6DQGHUV¶HTXDWLRQVDUHDOVROHVVWKDQDERXWIRU/5≤)RU/5GLIIHUHQFHV
EHFRPHDVODUJHDVDSSUR[LPDWHO\DQGDV/5LQFUHDVHVEH\RQGWKHGLIIHUHQFHVLQFUHDVH
VXEVWDQWLDOO\)RUYDOXHVRI/5!WKHFXUYHVREWDLQHGE\XVLQJ'RQQHOO¶VHTXDWLRQVDQGE\
XVLQJ6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHDV\PSWRWLFDOO\DSSURDFKWKHDSSUR[LPDWHYDOXH
 ,QFRQWUDVWWKHFXUYHREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUH
DV\PSWRWLFDOO\DSSURDFKHVWKHDSSUR[LPDWHYDOXH  7KHVHDV\PSWRWLFUHVXOWVDOVR
FRUUHVSRQGWRDPD[LPXPGLIIHUHQFHRIDSSUR[LPDWHO\DQGWRWKHP DQGQ IODWWHQHG
F\OLQGHUEXFNOLQJPRGH
5HVXOWVIRUWKH>@VF\OLQGHUVZLWK5K VKRZQLQILJXUHLQGLFDWHWKDWWKH
GLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQV
ZLWKOLYHSUHVVXUHDQGEHWZHHQWKHWZRVHWVRI6DQGHUV¶HTXDWLRQVDUHOHVVWKDQDERXWIRU/
5≤)RUDSSUR[LPDWHO\/5GLIIHUHQFHVDUHODUJHDVDSSUR[LPDWHO\DUHIRXQG
)RU≤/5≤WKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG
6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDUHDWPRVWZKHUHDVWKHGLIIHUHQFHVEHWZHHQWKH
FRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\WKHWZRVHWVRI6DQGHUV¶HTXDWLRQVLQFUHDVHWRDSSUR[LPDWHO\
+RZHYHUUHVXOWVIRUWKH>@VF\OLQGHUVZLWK5K VKRZQLQILJXUHLQGLFDWH
WKDWWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶
HTXDWLRQVZLWKOLYHSUHVVXUHDUHOHVVWKDQDERXWIRU/5≤7KHGLIIHUHQFHVSUHGLFWHG
EHWZHHQWKHWZRVHWVRI6DQGHUV¶HTXDWLRQVDUHOHVVWKDQDERXWIRUDSSUR[LPDWHO\/5
,QWKHUDQJH≤/5GLIIHUHQFHVEHWZHHQFRRUHVSRQGLQJUHVXOWVREWDLQHGIURPWKHWZRVHWV
RI6DQGHUV¶HTXDWLRQVDUHODUJHDVDSSUR[LPDWHO\DUHIRXQG7KHGLIIHUHQFHVLQWKH
FRUUHVSRQGLQJUHVXOWVREWDLQHGIURP'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDUH
PRVWO\OHVVWKDQ)RU≤/5≤WKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWV
SUHGLFWHGE\WKHWZRVHWVRI6DQGHUV¶HTXDWLRQVDUHIRUWKHPRVWSDUWDSSUR[LPDWHO\7KH
GLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQV
ZLWKOLYHSUHVVXUHLQWKLVUDQJHLQFUHDVHIURPOHVVWKDQWRDV/5LQFUHDVHV
5HVXOWVIRUWKH>@VF\OLQGHUVZLWK5K VKRZQLQILJXUHLQGLFDWHWKDWWKH
GLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQV
ZLWKOLYHSUHVVXUHDQGEHWZHHQWKHWZRVHWVRI6DQGHUV¶HTXDWLRQVDUHOHVVWKDQDERXWIRU/
5≤)RUDSSUR[LPDWHO\/5GLIIHUHQFHVDUHODUJHDVDSSUR[LPDWHO\DUHIRXQG)RU
≤/5≤WKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\WKHWZRVHWVRI
6DQGHUV¶HTXDWLRQVDUHIRUWKHPRVWSDUWDOVRDSSUR[LPDWHO\7KHGLIIHUHQFHVEHWZHHQWKH
FRUUHVSRQGLQJUHVXOWVSUHGLFWHGE\'RQQHOO¶VDQG6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHLQWKLV
UDQJHDOVRLQFUHDVHIURPOHVVWKDQWRDV/5LQFUHDVHV,WLVLPSRUWDQWWRQRWHWKDWWKH
ULJKWPRVWEUDQFKRIWKHUHGIHVWRRQFXUYHVKRZQLQILJXUHDOVRFRUUHVSRQGVWRP Q 
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8QLIRUPK\GURVWDWLFSUHVVXUHORDGV9DOXHVRIWKHK\GURVWDWLFEXFNOLQJSUHVVXUHVREWDLQHG
E\3HUU\DQG0LOOHUDQGREWDLQHGLQWKHSUHVHQWVWXG\DUHSUHVHQWHGLQ7DEOHVIRU
VHOHFWHGV\PPHWULFDQGXQV\PPHWULFFURVVSO\F\OLQGHUVZLWKDZDOOWKLFNQHVVK LQ7KH
ODPLQDPDWHULDOSURSHUWLHVDUH( xSVL( xSVL* xSVLDQGν 
0RUHRYHUWKHUHVXOWVLQ7DEOHVDQGDUHIRUF\OLQGHUVZLWK/5 DQG5K 
7KHUHVXOWVLQ7DEOHVDUHIRUF\OLQGHUVZLWK/5 DQG5K 7KHUHVXOWV
REWDLQHGE\3HUU\DQG0LOOHUWKDWDUHSUHVHQWHGLQWKHVHWDEOHVDUHEDVHGRQ'RQQHOO¶VHTXDWLRQV
ZLWKGHDGSUHVVXUH$GGLWLRQDOUHVXOWVREWDLQHGE\3HUU\DQG0LOOHUWKDWDUHSUHVHQWHG7DEOH
ZHUHREWDLQHGIURPILQLWHHOHPHQWDQDO\VHVZLWKGHDGSUHVVXUHORDGV3HUU\DQG0LOOHULQGLFDWHLQ
UHIHUHQFHWKDWWKHILQLWHHOHPHQWDQDO\VHVZHUHQRWFRPSOHWHO\FRQYHUJHGDQGHUURUVLQWKH
UDQJHRIZHUHH[SHFWHG9DOXHVRIWKH'FRQVWLWXWLYHWHUPZHUHDOVRJLYHQE\3HUU\DQG
0LOOHUWKDWZHUHPDWFKHGH[DFWO\LQWKHSUHVHQWVWXG\$GGLWLRQDOUHVXOWVREWDLQHGLQWKHSUHVHQW
VWXG\DUHDOVRSUHVHQWHGLQ7DEOHVWKDWDUHEDVHGRQ6DQGHUV¶HTXDWLRQVZLWKOLYH
SUHVVXUH6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDQGQRQOLQHDUURWDWLRQVDERXWWKHQRUPDODUH
QHJOHFWHGDQG'RQQHOO¶VHTXDWLRQVZLWKGHDGSUHVVXUH
7KHUHVXOWVLQ7DEOHVKRZGLIIHUHQFHVEHWZHHQWKHSUHGLFWHGEXFNOLQJSUHVVXUHVREWDLQHG
E\3HUU\DQG0LOOHUDQGWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\WKDWUDQJHIURP
,QFRQWUDVWWKHUHVXOWVLQ7DEOHVDQGVKRZGLIIHUHQFHVWKDWUDQJHIURP
DSSUR[LPDWHO\DQGUHVSHFWLYHO\7KHILQLWHHOHPHQWUHVXOWVREWDLQHGE\3HUU\
DQG0LOOHUDQGWKHUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\E\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYH
SUHVVXUHDQGQRQOLQHDUURWDWLRQVDERXWWKHQRUPDOQHJOHFWHGVKRZGLIIHUHQFHVWKDWUDQJHIURP
DSSUR[LPDWHO\7KHUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\DQGVKRZQLQ7DEOHV
DOVRLQGLFDWHWKDWQHJOHFWLQJWKHHIIHFWVRIOLYHSUHVVXUHLQ6DQGHUV¶HTXDWLRQV\LHOGVGLIIHUHQFHV
DVODUJHDVDERXWDQGUHVSHFWLYHO\6LPLODUO\WKHGLIIHUHQFHVEHWZHHQWKH
FRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUHDQG'RQQHOO¶V
HTXDWLRQVZLWKGHDGSUHVVXUHDUHDWPRVWDSSUR[LPDWHO\DQGUHVSHFWLYHO\LQWKHVH
WKUHHWDEOHV
5HVXOWVREWDLQHGE\3HUU\DQG0LOOHUDQGREWDLQHGLQWKHSUHVHQWVWXG\DUHJLYHQLQ7DEOH
IRU>θ@6ODPLQDWHGFRPSRVLWHF\OLQGHUVPDGHRIWKHVDPHODPLQDPDWHULDODVWKH
F\OLQGHUVLQ7DEOHVDQGZLWKDZDOOWKLFNQHVVK LQ7KHUHVXOWVLQ7DEOHDUH
DOVRIRUF\OLQGHUVZLWK/5 DQG5K DQGFRUUHVSRQGWRYDOXHVRIθ 
DQGGHJUHHV2QHVHWRIWKHUHVXOWVREWDLQHGE\3HUU\DQG0LOOHULVEDVHGRQ'RQQHOO¶V
HTXDWLRQVZLWKGHDGSUHVVXUHDQGWKHRWKHUVHWZDVREWDLQHGIURPILQLWHHOHPHQWDQDO\VHVZLWK
GHDGSUHVVXUHORDGV$GGLWLRQDOUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\DUHDOVRSUHVHQWHGLQ7DEOHV
WKDWDUHEDVHGRQ6DQGHUV¶HTXDWLRQVZLWKOLYHSUHVVXUH6DQGHUV¶HTXDWLRQVZLWKGHDG
SUHVVXUHDQG'RQQHOO¶VHTXDWLRQVZLWKGHDGSUHVVXUH
7KHUHVXOWVLQ7DEOHVKRZGLIIHUHQFHVEHWZHHQWKHSUHGLFWHGEXFNOLQJSUHVVXUHVREWDLQHG
E\3HUU\DQG0LOOHUDQGWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\EDVHGRQ
'RQQHOO¶VHTXDWLRQVZLWKGHDGSUHVVXUHWKDWUDQJHIURPDSSUR[LPDWHO\+RZHYHUWKH
UHVXOWVLQ7DEOHDOVRVKRZGLIIHUHQFHVEHWZHHQWKHSUHGLFWHGEXFNOLQJSUHVVXUHVREWDLQHGE\
3HUU\DQG0LOOHUIURPILQLWHHOHPHQWDQDO\VHVDQGWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGLQWKH
SUHVHQWVWXG\EDVHGRQ6DQGHUV¶HTXDWLRQVZLWKGHDGSUHVVXUHWKDWUDQJHIURPDSSUR[LPDWHO\
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6F\OLQGHUSRVVHVVVRPHDQLVRWURSLHVUHVXOWVZHUHREWDLQHGLQWKH
SUHVHQWVWXG\E\XVLQJWKHDSSUR[LPDWH5D\OHLJK5LW]DQDO\VLVEDVHGRQ6DQGHUV¶HTXDWLRQVZLWK
GHDGSUHVVXUH7KHUHVXOWVRIWKHVHDQDO\VHVDUHLGHQWLFDOWRWKHFRUUHVSRQGLQJUHVXOWVVKRZQLQ
7DEOH7KHUHVXOWVREWDLQHGLQWKHSUHVHQWVWXG\DQGVKRZQLQ7DEOHDOVRLQGLFDWHWKDW
QHJOHFWLQJWKHHIIHFWVRIOLYHSUHVVXUHLQ6DQGHUV¶HTXDWLRQV\LHOGVGLIIHUHQFHVRIDERXW,Q
FRQWUDVWWKHGLIIHUHQFHVEHWZHHQWKHFRUUHVSRQGLQJUHVXOWVREWDLQHGE\XVLQJ6DQGHUV¶HTXDWLRQV
ZLWKOLYHSUHVVXUHDQG'RQQHOO¶VHTXDWLRQVZLWKGHDGSUHVVXUHDUHOHVVWKDQ
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